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Biodiversity is the variation of life forms within a given ecosystem, or biome 
for the entire earth. It is often a measure of the health of biological systems to 
indicate the degree to which the aggregate of historical species are viable versus 
extinct. It also ensures the essential ecological functions on which life depends. The 
well being and survival of human populations arc dependent on millions of species 
of plants, animals and microbes. Soils are one of the most poorly researched habitats 
on earth. Soils were among the first terrestrial environments to be colonized because 
they possessed environmental conditions that were intermediate between aquatic and 
anal media (Lavelle and Spain, 2001). The soil has mineral, organic, gaseous and 
aqueous phases with the mineral portion forming bulk of matrix and may appear to 
be static and unchangeable over a short period. However, it is a dynamic entity that 
changes with time thereby gradually creating new habitats with resultant succession 
of organisms. 
Soil is a large reservoir of biodiversity. Soil communities are among the 
most species rich components of terrestrial ecosystems (Anderson, 1975; Usher e  
at., 1979; Giller, 1996). The function of this thin dark covering on the earth is vital 
for survival of the biosphere in its present form: The diversity of life in soil, known 
as soil biodiversity is an important but poorly understood component of terrestrial 
ecosystems. Soil biodiversity comprises of the organisms that spend all or a portion 
of their life cycles within the soil or on its immediate surface including surface litter 
and decaying logs. These organisms are an integral part of terrestrial ecosystems. 
They carry out a range of processes that are important for soil health and fertility in 
soils of both natural ecosystems and agricultural systems. These organisms have an 
important role in nutrient cycling, regulation of soil organic matter, modification of 
soil physical structure. maintenance of water regime, assistance to plant nutrient 
acquisition and enhancement of plant health. Together these organisms move 
hundreds of thousands of tons of elements and compounds between the hydrosphere, 
zmosphere and lithosphere every year through their collective metabolic and growth 
activities. These activities determine soil fertility, water and air quality and the 
habitability of ecosystems (Ernst, 2000, Schlesinger, 1997). 
The structure and function of the soil organisms are disrupted by 
hydrocarbons and heavy metal concentrations, mineral fertilizers and pesticides and 
by physical disturbances. However, the results of such disruptions are unpredictable 
as they are influenced by the heterogeneity of the soil, fluctuations in abiotic 
conditions (edaphic factors), chemical and physical buffering capacity and by other 
biotic and abiotic interactions. Thus, it becomes important for soil ecosystem to 
maintain its health i.e., the capacity of the soil to function within ecosystem 
boundaries to sustain biological productivity, maintain environmental qualities and 
promote plant and animal health. 
Studies in many parts of the world have all implicated soil biota in most of 
the processes that are essential to soil health, together with the productivity and 
sustainability of the vegetation growing in the soil (Doran et al., 1990; Hendrix et 
al., 1990. Coleman & Crossely, 1996). Hence, there has been increasing interest 
throughout the world in the relationships between the various components of soil 
biota, soil physical properties, soil chemistry and plant production (Ingham el al., 
198; Anderson, 1988; Verhoef & Brussard, 1990; Klopatek, et al., 1992). 
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Although biodiversity efforts at the global level have consistently 
highlighted the need for studying soil organisms, there are not many scientists with 
soil taxonomic or soil ecological expertise. Aboveground and belowground 
biodiversity are interdependent across scales of resolution from individual plant 
community to the landscape. It is urgently in need for the biologists to study soil 
micro-organisms that have major role in the magnitude of changes and loss of above 
ground diversity. 
India is one of the twelve mega biodiversity regions with 7.7% genetic 
resources of the world. Uttarakhand, one of the biodiversity hotspots of India 
became the 27 h` state of the Republic of India on the 9 h` of November 2000. The 
state is carved out of the northern part of Uttar Pradesh. It is bounded by U.P. on the 
south. Nepal on the east, Himachal Pradesh on the west and China on the northeast. 
The total geographical area of the state is 53,483 sq. km of which 93% is 
mountainous and 64.79% is covered by forests. It ranks at 18 h` place and its share is 
1.69% in the area of the country as a whole. It comprises of 13 districts, which are 
grouped into two divisions: Kumaon division and Garhwal division. The Kumaon 
division includes the six districts: Almora. Bageshwar, Champawat, Nainital. 
Pithoragarh and Udham Singh Nagar while the Garhwal division includes seven 
districts: Chamoli, Haridwar, Pauri Carhwal, Rudraprayag, Tehri Garhwal, 
Uttarkashi and Dehradun which is the capital of Uttarakhand. The state is rich in 
flora and fauna, natural and touristic ambience and houses some of the most 
important pilgrimage centers in the country. 
(`geographically. it is situated in the central Ilimalayan zone. It extends 
between 77" 34' and 81" 02' F longitude and 28° 43' to 3I 27' N latitude. 
Uttarakhand is a region of outstanding natural beauty with many glaciers, rivers, 
dense forests and snow clad mountain peaks. It has almost all major climatic zones, 
making it amenable to a variety of commercial opportunities in horticulture, 
floriculture and agriculture. Most of the northern parts of the state are covered by the 
high Himalayan ranges and glaciers, while the lower reaches are densely forested. 
The Western Himalayan alpine Shrub and meadows ecoregion lies between 3000-
3500 and 5000 meters elevation; tundra and alpine meadows cover the highest 
elevations, transitioning to Rhododendron-dominated shrublands below. The 
Western Himalayan subalpine conifer forests lie just below the tree line, at 2600-
3000 meters elevation with a transition to the Western Himalayan broadleaf forests, 
which lie in a belt from 1,500 to 2,600 meters elevation. Below 1500 meters 
elevation lies western end of the drier Terai-Duar savanna and grasslands belt and 
the Upper Gangetic Plains moist deciduous forests. This belt is locally known as 
Bhabhar. 'These lowland forests have mostly been cleared for agriculture, but a few 
pockets are remaining.Two of India's mightiest rivers, the Ganga and the Yamuna 
take birth in the glaciers of Uttarakhand and are fed by innumerable lakes, glacial 
melts and streams in the region. The topography of Uttarakhand is characterized by 
hilly terrain, rugged and rocky mountains, deep valleys, high peaks, sharp streams 
and rivulets, rapid soil erosion, frequent landslides and widely scattered habitations. 
The different altitudinal zones elevated from 200 m to more than 8000m 
characterize this region. As a result, different climates are found from hot tropical to 
sub temperate and chilly cold. The Great Himalayan range remains snow clad 
throughout the year, while, the Tarai. Bhabar, river valleys and Doons are 
characteriicd by tropical climate. Climate conditions change according to the 
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changing altitude. During the summers. climatic conditions remain feasible in the 
Lesser Himalayan region, while, in the valleys and plains, hot wind blow. 
particularly in the Tarai and Bhabar regions. Winters are mild cold. Chilly winds 
that rises from the Himalayan ranges blow throughout the regions. Iligh water 
divides receive heavy snowfall and in the 'ally regions dense fog appears. The 
distribution of rainfall also varies from place to place. Gopeshwar-Mandal region 
receives highest rainfall and is known as the Cherapunji of Uttarakhand while, 
Tehri, Srinagar and Joshimath experiences rainshadow effect. Cloud bursting is also 
reported during monsoon season, which results into local floods, damaging 
considerable portion of low lying irrigated fields. 
Among the natural resources of Uttarakhand, forests are the most important, 
both economically and environmentally. Besides supplying fuel, fodder and timber 
to local and outside population, they are crucial for maintaining the ecological 
balance and controlling floods and soil erosion. The geographical area covered by 
forest is reported to be 34,651 sq. km, which accounts for around 64.79% of the 
geographical area of state. However, forests with thick crown cover (with 60% of 
more crown density) occupy only less than 5% of the total area of forests. The major 
forest types found in this state are Deodar forests (Cedrus deodara), Blue Pine 
forests (Pinus wallichiana), Chir forests (Pinus roxhurghii), Teak forests (Tectona 
grandis), Oak forests (Quercus spp.), Bamboo forests (Thamnocalarnus spp.), Fir 
(Abies pindrow) and Spruce (Picea smithiana) forests and Sal forests (.Shorea 
rohusta). Except these forest types, many other fodder plants like Bhimal. Khadik 
are also grown along with the agricultural fields. The entire region is also a 
storehouse for the growth of various kinds of fruits in the different localities 
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according to the landscape elevation, aspect of slopes and climatic conditions. 
Among the fruits, apple, citrus fruits including orange, lemon, malta, kinnow, 
chakotara, etc. and among stone fruits including peach, apricot, plum, pear, cherry, 
etc. and tropical fruits including mango are grown widely. Along with these fruit 
types, other fruits like litchi and pomegranates are also grown commercially and 
domestically. 
The unique Himalayan ecosystem plays host to a large number of plants, rare 
herbs and animals including snow leopards, leopards, tigers, Asian elephants and 
many other microscopic multicellular invertebrates. Nematodes' are also one of 
them. They are a successful group of animals placed at a rather low level of 
taxonomic hierarchy in the animal kingdom. They occupy any niche that provides an 
available source of organic matter in marine, freshwater or terrestrial environments. 
They are most abundant metazoan on earth and of every five animals, four are 
nematodes (Gunapala et al., 1998). In marine sediments and terrestrial soils, there 
are several million nematodes per square meter, which is in order of magnitude 
larger than all other animals put together. The nematodes are not only numerically 
abundant but they also show diversity in terms of species. At a single site species 
richness may be as high as 30-60 species per soil sample. 
Nematodes, as one component of the soil ecosystem interact with hiotic and 
abiotic factors and adapt themselves to their environment even if the environment 
threatens to change. If they are not able to do so they become extinct in due course. 
So they are considered as important biological indicators because of their 
tremendous diversity and participation in many functions at different levels in the 
soil food web. In addition to their diversity-, nematodes may be useful indicators 
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because their populations are relatively stable in response to changes in soil moisture 
and temperature, but they do respond to land management changes. Changes in 
nematode populations tend to reflect changes in soil microenvironments. They may 
be the most useful group for community indicator analysis because more 
information exists on their taxonomy and feeding roles (Gupta and Yeates, 1997) 
than does for other mesofauna. 
Thus, it becomes clear that these nematodes are one of the most important 
groups that can be used as case study animals for bio-monitoring and ecological 
studies. The natural forest regions of Uttarakhand are rich in humus and organic 
constituents, harboring a variety of soil invertebrates including numerous interesting 
nematode species. Though this state is one of the richest areas in terms of 
biodiversity among northern states of India, yet very little is known about nematode 
fauna of this region. 
The present thesis has been divided into two parts — 
Part A 
It deals with the systematic study of the soil inhabiting nematodes associated 
with fruit and forest trees at different altitudes. Since a large number of nematodes 
species representing many orders were collected, it was beyond the scope of this 
thesis to describe all the species recorded here. Hence, a detailed taxonomic study of 
J 
only the nematodes belonging to the orders Rhabditida, Tylenchida and Mononchida 
i 
lave been done here for the purpose of this thesis. A complete list of all the soil 
ematode genera recorded during this study has also been provided. 
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Part B 
It deals with the comparative study of community structure of nematode 
populations associated with fruit and forest trees at different altitudes of 
Uttarakhand. 
Part —A 
Tatonomy 
- HESIS 
introduction 
l'he nematodes or roundworms represent an animal phylum that is best 
characterized by species richness, numerical abundance and ecological 
omnipresence. Numerically, they comprise of more than 90% of all metazoan on 
earth. They are considered the second most diverse group of animals with about 
27000 recently described species (estimated number up to 1000000) after arthropods 
(Hugot et al., 2001). An estimated 1.5 million nematodes can be extracted from a 
square meter of soil, just within the surface 10 cm. and a handful of soil may contain 
more than 50 different nematode species. An estimated four out of every five 
multicelluar organisms on the planet are nematodes (Gunapala et al., 1998), surely a 
testament to their success and their ability to adapt physiologically and behaviorally 
to diverse habitats and niches. Cobb (1914) described very well the ubiquitous 
presence of nematodes on Earth as, .. .................. f all the matter in the universe 
except the nematodes were swept away, our world would still be dimly recognizable, 
and if, as disembodied spirits, we could then investigate it, we should find its 
mountains, hills, vales, rivers, lakes, and oceans represented by a film of 
nematodes. " 
They not only successfully colonize almost every geographic location but 
also can survive in some extreme habitats which may seem uninhabitable, such as 
hot springs, ice, deep ocean trenches and habitats with low oxygen and acid 
environment. Some of them can also withstand complete dryness on the surface of 
rocks. They can parasitize nearly all groups of animals including nematodes and a 
wide variety of plants. The non-parasitic, free-living forms may be characterized as 
microbivores, feeding on bacteria and fungi or predators feeding on other soil 
organisms including nematodes of comparable size. 
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These minute. unsegmented roundworms are actually aquatic organisms, 
inhabiting water films (1-5 pm thick) that coat and surround soil particles. These 
worm shaped animals are microscopic, typically 0.40 — 1.00 mm in length but their 
size too extremely variable, ranging from less than 100 pm (Greet/iel/a minutum — 
marine) to more than 8 m (Placentonema giganlissima — a parasite of the Sperm 
whale). They are simple. triploblastic, non-segmented, bilaterally symmetrical, 
pseudocoelomate invertebrates that possess digestive system, nervous system, 
excretory system, reproductive system but lack the respiratory and circulatory 
systems as well as appendages. Comprised of approximately 1000 somatic cells in 
the adult stages, these worm-like organisms are an example of functional and 
anatomical economy. 
Nematodes constitute one of the most numerous and spacious animal taxa of 
earth's biodiversity, occurring in a wide spectrum of ecological habitats and 
demonstrating critical role in the decomposition of organic matter and 
mineralization of nutrients. Due to their high species richness, abundance, short 
generation time, pervasiveness and tolerance, they offer excellent biological tools to 
monitor changes in environment and can serve useful model systems to study 
interactions between biodiversity and ecosystem functions (Moens el al., 2004).' 
Some of the nematode associates of insects are being used in the biological control 
programmes as they vector bacteria that kill the insect pests. The nematodes, 
especially the popular nematodes. Caenorhabditis elegans, Panagrellus redivivus 
etc. have attained prominence as models to provide insights into many areas of 
biology and medicine due to its simple genetic structure, transparent body. eutelic 
character and easy culturing that imbibes interest among developmental biologists, 
10 
genomic researchers, ecologists and phylogeneticists. Despite multifaceted 
significance of nematodes, their small body size as compared to other multicellular 
organisms or their invisibility to the naked eye, has played a negative role for a 
better understanding of their value in the environment; as a result, their taxonomic 
composition and biogeography are largely unknown for many habitats. 
In recent years, interest has been shown by soil scientists and ecologists in 
measuring soil health. Soil fauna, especially soil nematode communities have been 
used as indicators of overall ecological condition because of the wide range of 
feeding types and the fact that they seem to reflect the successional stages of the 
systems in which they occur (Bongers, 1990; Ettema & Bongers, 1993; Yeates & 
Bongers, 1999; Ferris et al., 2001). Furthermore, nematodes being sensitive to 
environmental changes in their distribution and activity are diagnostic of changes in 
soil health (Gupta & Yeates, 1997; Bongers & Ferris, 1999; Ritz & Trudgill, 1999; 
Ekschmitt el al., 2001; Ferris ct al., 2001; Neher. 2001; Fiscus & Neher, 2002; 
Yeates, 2003) and they are the most abundant of the soil metazoa (Ekschmitt et al., 
2001). Understanding the impact of the nematode community on plant health 
requires identification of the populations present within the community and 
identifying interactions between the populations. Traditional techniques employed to 
describe the composition and diversity of nematode populations in the soil relies on 
phenotypic characteristics, which are evolutionarily highly conserved. Such a 
technique provides an incomplete assessment of diversity, is time-consuming and 
requires extensive training so the characterisation of nematode communities 
continues to be resolved more coarsely than at the species level (i.e.. genus, family, 
trophic group) (Porazinska Cl al., 1999 & 2007). leaving ecological analysis 
potentially ambiguous or superficial (Yeates & Bongers, 1999). In addition, 
identification of nematodes at the species level is only possible from adult 
specimens, which usually represent only a small percentage of the overall nematode 
assemblage. Van 1)er Knaap et al. (1993) noted that Caenorhabditis elegans and C. 
briggsae can only be differentiated by males (based on the arrangement of bursal 
rays at the tail) which can form less than 0.1% of the population. 
Researchers usually classify nematodes into trophic groups instead of 
identifying each species for community analyses. The problem with using trophic 
groups when analyzing functionality in nematode communities is that these 
categories are not mutually exclusive. Species placed in one category may have 
developmental stages that fit another category (Bernard, 1992). For example, 
juvenile stages of some species of the predacious orders Mononchida and 
Diplogasterida may feed on bacteria in their initial juvenile stages (Yeates. 1987). 
The total number of nematode species described from a single site can also 
complicate identification. 1lodda and Wanless (1994) identified 154 nematode 
species from an English Chalk Grassland, 44 of which could not be assigned 
positively to previously described species. Beier and Traunspurger (2003) identified 
113 species from a coarse-grained sub-mountain carbonate stream in southwest 
Germany. Baird and Bernard (1984) reported 100 species in two wheat-soybean 
fields in Tennessee. Orr and Dickerson (1966) found 228 nematode species, 
representing 80 genera, in 61 soil samples taken from a prairie pasture in Kansas. 
Furthermore, terrestrial nematodes can easily exceed one million individuals per 
square meter of soil (Floyd et al., 2002). 
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It has been recognized that there is a severe shortage of taxonomically 
oriented nematologists, especially for free-living nematodes (Bernard, 1992; 
Coornans, 2002). Nematodes are mainly studied with the compound light 
microscope and the observations are usually made based on numerous fixed 
specimens, which can take a considerable amount of time to prepare. The limitations 
to nematode community analysis may be overcome by using molecular analytical 
tools to directly explore the composition in a soil sample based on the nucleic acids 
present (Andre et al., 2004). 
For years, morphological identification was the only method widely used to 
identify nematodes. As our knowledge of nematodes of agronomical importance 
increased, it became clear that morphology alone did not reveal the complete picture 
of observed pathological differences between populations within morphologically 
delimited species. As a result, new methods have been looked for that can better 
predict observed pathological behaviors among populations within species. 
Numerous molecular techniques have been developed that are capable of identifying 
and quantifying nematodes at the species level and below. Various molecular 
techniques have been used in nematology for diagnostics, identification, 
classification and inference of phylogenetic relationships between taxa (Subbotin 
and Moens, 2006). These techniques include protein electrophoresis (Esbenshade 
and Triantaphhllou, 1985), polymerase chain reaction (PCR) (McCuiston et al., 
2007), restriction fragment length polymorphism (RFLP) (Curran el al., 1986), 
multiplex PCR (Skantar et al., 2007), random amplified polymorphic DNA (RAPD) 
(Caswell-Chen et al., 1992), amplified fragment length polymorphism (AFLP) 
(Folkertsma et al., 1996), sequencing of DNA (Bac ei al., 2008), DNA bar-coding 
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(Floyd et al.. 2002), real-time PCR (Madani et al., 2005). denaturing gradient gel 
electrophoresis (DGGE) (Ercolini, 2004: Bhadury el al.. 2006; Okada & Oba, 2008) 
and terminal restriction fragment length polymorphism (TRFLP) (Edel-Hermann el 
al., 2008). Molecular methods provide an alternative to traditional morphological 
identification for routine assessment of described species. Their application has 
enabled profiling of environmental samples of soil microbial populations, 
overcoming the need to culture and identify bacteria and fungi from complex 
mixtures (Amann et al., 1995) and similarly may reduce the taxonomic expertise 
currently required to characterise microfaunal communities. New, high-throughput 
sequencing technologies provide an opportunity to generate very large amounts of 
sequence data in a very short time and at low cost. One of most important 
applications of those molecular methods is the ability to identify large numbers of 
species from complex communities (Opik et al., 2008)." 
Vrain et al. (1992) separated populations of the Xiphinema americanum, a 
plant parasitic nematode vector of nepoviruses, based on their capability to vector 
viruses using restriction fragment length polymorphism (RFLP). This was 
accomplished using the restriction fragment length difference in the 5.8S gene and 
the internal transcribed spacer (ITS) of ribosomal DNA. Vanderknaap etal. (1993) 
used an arbitrarily primed PCR technique to differentiate closely related bacterial-
feeding nematode species (from agar culture) that could not be morphologically 
distinguished and suggested that the technique could be used in an ecological 
context. 
Blaxter et al. (1998) produced the first molecular phylogenetic framework of 
the phylum Nematoda. They constructed a database of small subunit (SSt1) 
EEl 
sequences from 53 taxa, including 41 new sequences to construct a phylogenctic tree 
of nematodes. They recognised three major clades: Glade I grouped the vertebrate-
parasitic order Trichocephalida with the insectparasitic Mermithida, plant-parasitic 
Dorylaimida and free-living Mononchida, Clade lI linked the plant-parasitic 
I riplonchida with the free-living Enoplida & Monhysterida and Glade C+S grouped 
Chromadorida and Secernentea. Within Secernentea three major clades were 
identified (clades 111, IV and V). Clade [II represented a grouping of vertebrate- and 
arthropod-parasitic taxa from the orders Ascaridida. Spirurida, Oxyurida and 
Rhigonematida. Clade IV a 'cephalobid' Glade, grouped the plant-parasitic orders 
Tylenchida and Aphelenchida, the vertebrate-parasitic genus Strongt'loldes and the 
entornopathogenic genus Steinernema with free-living bacteriovores of the rhabditid 
families Cephalobidae and Panagrolaimidae. Glade V grouped C. elegans and other 
members of the suborder Rhabditina with the vertebrate-parasitic order Strongylida, 
the entornopathogenic genus Yeternrhabdios and the order Diplegasterida. De Ley 
and Blaxter (2002, 2004) updated the classification of the phylum Nernatoda using 
molecular data available from additional species. with morphological data to assist 
the placement of taxa for which SSU sequences were not yet available. They used 
SSU phylogenies to develop a novel classification reflecting recent evolutionary 
findings and proposing the. infraordcrs Cephalobomorpha, Panagrolaimoworpha and 
'fylcnchomorpha, all within a considerably expanded suborder Tylenchina. 
In 2002, Floyd et al. developed a molecular operational taxonomic unit 
(MOTIU) method using a molecular barcode derived from single-specimen 
polymerise chain reaction (PCR) and sequencing of the 5' segment of the small 
subunit ribosomal RNA (SSIJ) gene for snit nematodes. E}'ualem and IIlaxter (2003) 
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used Floyd's molecular barcode system to identify free-living nematode species. 
I hey attempted to differentiate five cultured isolates of the taxonomically difficult 
genus. Panagrolaimus. Their results showed that the five populations belonged to 
two different species. 
Qiu et al. (2006) developed a simple PCR assay protocol for detection of the 
root-knot nematode species Meloidogyne arenaria, Al. incognita and M..javanica 
extracted from soil. Jones et al. (2006a) used a combination of low power 
microscopy and taxon-specific real-time probes, first showed that 18S probing 
successfully assigned all nematodes to their specific taxonomic group and then real-
time PCR, using multiplexed probes and primers specific to that subset of taxa, 
could further diagnose nematode taxonomy down to the species level. Later (2006b), 
they used real-time PCR to assess nematode taxonomic identity within the 
microbial-feeding nematodes on the Konza Tallgrass Prairie enabled the 
identification of 19 microbial-feeding nematode taxa across four families, and 
positively assigned the majority of nematodes to genus/species groups 96% and 
83%, respectively. Hamilton et al. (2009) extracted faunal DNA directly from soil 
samples, and then used PCR with metazoan specific primers and sequencing to 
characterise micro- and meso-faunal community composition. The technique 
provided sufficient taxonomic resolution to describe the overall structure of the soil 
faunal communities, although the nematodes were only separated into two major 
taxonomic classifications (Chromadorea and l;noplea). Powers et al. (2009) 
estimated nematode diversity and nematode distribution among soil, litter. and 
understorcy habitats based on MOTU analysis in a tropical rainforest. 
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Among the molecular analytical techniques available, molecular 
fingerprinting methods can help monitor changes in microbial communities over 
time with a simplified representation of the community. Among these fingerprinting 
methods, denatured gradient gel electrophoresis (l)GGE) has been successfully 
applied to estimate nematode diversity in soil, by detecting nematode taxa as 
different bands of equal size PCR products that are separated according to their 
DNA sequence on a denaturing gradient gel. Foucher and Wilson (2002) used 
DGGE to distinguish nematode species from a mixed laboratory culture. Waite et al. 
(2003) used DGGE to analyze nematode communities from total genomic DNA 
directly extracted from a single gram of soil. They showed that the nematode 
community fingerprint differed between different sites. In 2004, Foucher et al. also 
used DGGE to assess nematode biodiversity by comparing nematode community 
fingerprints. Donn et al. (2008) used TRFLP to discriminate between nematode 
communities extracted from five habitats (arable agriculture, sand dune, coniferous 
forest, permanent pasture and moorland). Edel-Hermann et al. (2008) also used 
random TRFLP analysis to assess the community structures of protozoa and 
nematodes, using group-specific PCR primers, showing the potential of TRFLP 
procedures to differentiate the community structures on the response of the soil biota 
to organic inputs. 
Griffiths et al. (2006) combined morphological and molecular sequencing to 
establish the potential for analysing nematode communities by molecular biological 
characterisation, but found that nematodes from the Rhabditida and Tylenchida were 
underrepresented in the molecular characterisation compared to morphological 
method. Gibb Cl al. (2008) argued that there would never he complete convergence 
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between the two methods (molecular and morphological) because there are just too 
many steps where 100% recovery or efficiency is not achieved with both 
methodologies. Bhadur% et ul. (2008) compared morphological data with PCR-DNA 
sequencing and concluded that current taxonomy based on morphological characters 
detected using light-microscopy may be unable to discriminate possible species 
complexes and that the biodiversity of marine nematodes may often be 
underestimated due to the presence of morphologically cryptic species complexes. 
Hamilton et al. (2009) compared the results obtained using DNA sequence-based 
molecular approach to results obtained using a traditional, microscopy-based 
approach and found that the results were broadly similar. Recently Abebe et al. 
(2011) presented a review of the various techniques used in the taxonomy of free 
living and plant parasitic nematodes and critised those methods in the context of 
recent developments and trends including their implications in nematode taxonomy, 
biodiversity and biogeography. Still these molecular techniques have their own 
limitations and their reliability, consistency and reproducibility is suspected. 
Therefore, classical taxonomy will remain a necessity for identification of soil 
nematodes." 
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rJ- storica(Background 
In the early history of nematology, plant and animal parasites seem to have 
received much attention because of their respective agricultural, clinical and 
veterinary significance. The soft-bodied nematodes have virtually no fossil evidence 
except those preserved in 120-135 million years old amber. However, the report of 
intestinal roundworm 'Ascaris' in Chinese literature, about 4,690 years ago, is 
considered to be the oldest written record. Another available record is that of Guinea 
worm (Dracunculus medinensis) in 'Ebers Papyrus,' written in Egypt 3,500 years 
ago. Hippocrates (460-375 B.C.), Aristotle (384-322 B.C.), Magnus (1193-1280 
A.D.) also gave references of roundworms in their writings. 
The first free-living nematode Turbatrix aceti, also referred as vinegar 
eelworm, was discovered by Borellus in 1656 while Needham (1743) was the first to 
report a plant-parasitic nematode. Anguina tritici in the cockles of wheat when he 
examined a crushed cockle under his primitive microscope. Steinbuch (1799) named 
them Vibrio tritici. Later Muller (1786) described several species of free-living 
nematodes from fresh water. However, the historical review of systematic discussion 
involving nematodes was first published by Rudolphi (1819). Dujardin (1845), 
Bastian (1865), Schneider (1866), de Man (1884), Maupas (1900) and Daday (1905) 
fly 
were the pioneers of the field of nematode taxonomy. Dujardin (1845) was first to 
recognize the close relationship of free-living and plant parasitic nematodes. Free-
living nematodes were treated as a separate group by Bastian (1865), who made 
significant contributions in the field of Nematology by describing 100 new species 
belonging to 23 new and 7 known genera. lie further classified the free-living 
nematodes under the family Anguillulidae and divided them into continental (soil 
i 
and fresh water-inhabiting) and marine forms. Schneider (1866) and BUtschli (1873, 
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1876) gave a detailed account of free-living nematodes. Orley's (1880) 'Monograph 
of the Anguillulidae ga\ e the first comprehensive report on the taxonomy of 
nematodes comprising of 202 species in 27 genera. He also proposed the families 
Rhabditidae. Tylenchidae. Plectidae and Leptolaimidae. de Man (1876-1927). laid 
the foundation of modern generic and specific descriptions and published an 
authoritative monograph (1884) that is regarded as the `Bible of Nematologists'. His 
formula for measuring nematodes is still used in many instances. He proposed eight 
families viz., Ironidae. Dorylaimidae, Tylolaimidae, Odontophoridae, 
Ptychopharyngidae, Tripylidae, Monhysteridae and Odontopharyngidae. Cobb, also 
referred as the 'Father of Nematology', raised Phylum Nemata and contributed a 
series of papers in 'Contributions to a Science of Nematology' comprising of 26 
parts. Significant changes in classification were proposed by Cobb (1919), 
Schuurmans Stekhoven and De Coninck (1933), Maggenti (1963, 1970), Gadea 
(1972, 1973), Andrassy (1976, 1984) and by Lorenzen (1981). Filipjev (1918, 1921, 
1934) also contributed greatly by working on the revision of higher taxa of free-
living as well as parasitic forms. Micoletzky (1922) in his monograph, 'Die 
freilebenden Erd-Nematoden' reported 142 valid genera and 931 species comprising 
of 58% marine and 42% continental ones. 
In the late nineteenth and early twentieth century. Nematology experienced 
rapid progress. Paramanov and Filipjev brought Nematology to maturity as a 
zoological science with their hypotheses concerning nematode evolution and 
classification. Filipjev (1918, 1921) distinguished five families based on the 
structure of the cuticle. amphids, pharynx. somatic musculature, female gonads and 
tail, and raised (1934) these families to the rank of orders with the inclusion of 
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parasitic forms. Later, a comprehensive record of free-living marine nematodes of 
Belgian coast was published by De Coninck & Schuurmans Stekhoven (1933). 
Chitwood (1933, 1937) treated 'Nematoda' as a phylum with two classes, 
Phasmidia' and Aphasmidia', based on the presence or absence of phasmids. He, 
later (1958) replaced these names with Secementea and Adenophorea and proposed 
a new system of classification including both free-living and parasitic nematodes. 
His book (1950) `An Introduction to Nematology' is an important landmark in the 
history of Nematology. Thorne's monograph on Dorylaims (1936, 1939), 
Cephalobidae (1937) and Tylenchida (1949) along with his book (1961) entitled; 
`Principles of Nematology' are valuable contributions to the field of Nematology. 
Schneider's (1939) `Die Tierwelt Deutschlands' and Meyl's (1960) `Die Tierwelt 
Mitteleuropas' on free-living nematodes are essential resources for nematologists. 
The same is true for Goodey's (1951) ` Soil and Freshwater Nematodes' (revised in 
1963 by J. B. Goodey). Baker's (1962) `Checklists of the nematode superfamilies 
Dorylaimoidea, Rhabditoidea, Tylenchoidea, and Aphelenchoidea' were also worthy 
contributions to Nematology. In the monumental series of `Traite de Zoologie', 
Grasse (1965) gave a comprehensive classification of the nematodes. De Coninck's 
(1965) contribution, ` Class des Nematodes' in: Traile de Zoologie, is also an asset. 
The comprehensive Bremerhaven checklist of Gerlach and Riemann (1973, 1974) 
regarded as a milestone, was the first complete chronological outline of the pertinent 
literature, with special reference to nomenclatorial changes, synonymisations and 
reviews. 
Andrassy (1976) in his book entitled, 'Evolution as a basis .16r the 
systemati-ation of nematodes' subdivided the nematodes into three subclasses: 
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Torquentia, Secernentia and Penetrentia. Lorenzen (1981) published the revised 
classification of the Adenophorea while Jacobs (1984) presented a classification 
scheme including animal parasites, free-living and phytoparasitic nematodes of 
continental and marine origin. Andrassy made significant contributions to nematode 
taxonomy through his innumerable scholarly publications and extremely useful 
compilations on nematode systematics and classification. The worth and importance 
of his work cannot be fathomed and is considered an asset to the science of 
Nematology. Since 1952 till date, he has described numerous genera and species, 
published keys for identification, proposed and raised higher taxa, amended and put 
forth classification schemes besides authoring valuable books including the 
extremely useful compilation, `Klasse Nematoda' (1984) based on the diagnosis of 
orders of Araeolaimida, Enoplida, Chromadorida, Monhysterida, and Rhabditida and 
their subordinate taxa. His schemes of classification and revisions (1976, 1984, 
2005, 2007 & 2009) have gained a lot of acceptance among taxonomists. A revised 
classification of phylum Nematoda based on molecular as well as traditional 
systematics has been worked out by Blaxter et al. (1998) and De Ley and Blaxter 
(2002). Eyualem et al.• (2006) gave a complete, up to date list of species with an 
emphasis on biogeography and ecology of freshwater nematodes in their book 
entitled "Freshwater Nematodes: Ecology and Taxonomy". 
Various taxonomists viz., Steiner (1914-1958), Fuchs (1915-1938), Rahm 
(1928-1937), Allgen (1933-1952), Altherr (1938-1976), Pearse (1942), Hirschmann 
~ 	 J 
(1951-1956), Kirjanova (1951, 1958), Wieser (1953, 1954, 1956), Golden (1956- 
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1986). Tinim (1956-1971). Brzeski (1960-1997), Slier (1961-1970), Inglis (1961- 
1983), Loof (1961-1973). Baker (1962), Coomans (1962, 1971), Coomans & de 
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Waele (1979, 1983), Coomans & Heyns (1986), Coomans & Raski (1988, 1991), 
Heyns (1962-2002). Taylor (1964), Yeates (1967-1988). Lamberti (1975), Lamberti 
& Bleve-Lacheo (1977, 1979) and Gagarin (1977-2009) also contributed 
significantly to this field. 
The comprehensive history of taxonomy of all groups of nematodes would 
be difficult and beyond the scope of this thesis. Therefore, some important 
landmarks in the history of taxonomy have been discussed on those groups, which 
have been selected for the present study. - 
Order Tylenchida 
The tylenchs constitute economically most important group of plant parasitic 
nematodes. As plant parasites, they feed on all parts of their host but it is the roots 
that are largely attacked. Most of these are ectoparasites that live in soil and feed 
upon roots, changing their feeding sites as and when required, while the others are 
migratory, viz., Pratylenchus, Radopholus or sedentary endoparasites such as 
Heterodera and Meloidogyne. A few species such as Rotylenchulus and Tylenchulus 
remain partly embedded within the root tissue and are classified as semi-
endoparasites. 
The first plant-parasitic nematode seen and reported was the `wheat gall 
nematode' by Needham (1743) and after 34 years of its discovery, Scopoli (1777) 
proposed the first tylinchid genus Anguina for it, the species was named Vibrio (now 
Anguina) tritici by Steinbuch (1799). But after the discovery of wheat gall 
nematode, tylenchid nematodes received almost no attention from scientists for the 
next 100 years. During the middle of 19`' century. the root-parasitic tylenchida were 
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beginning to receive attention. Bastian (1865), Butschli (1873), Orley (1880), de 
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Man (1884), Cobb (1893). Micoletzky (1922) and Filipjev (1936) were the pioneers 
of the field 
Bastian (1865) produced an excellent monograph on Anguillulidae' in 
which he described over 100 new species of nematodes from soil and plants. 
Butschli (1873, 1876) produced comprehensive and illustrated descriptions of the 
free-living soil nematodes including several Tylinchida while Orley (1880) 
published a system of classification for 202 nematode species in 27 genera and 
proposed the Superfamily Tylenchoidea with family Tylenchidae. de Man (1876- 
1927) was a pioneer in this field whose monograph (R4) is regarded as the Bible 
of Nematologists'. He (1921) proposed 3 new genera, Ecphyadophora, 
Hemicycliophora and Psi(enchus and new species which later became types oP their 
respective genus, namely, Hoplolairnus annulifer for Nothcriconema and Tylenchus 
costatus for Coslenchu.c. Micoletzky (1922) in his voluminous monograph, 'Die 
frellebenden Erd-Nematoden' listed 142 valid genera and 931 species of free-living 
(soil, freshwater and marine) and plant- and insect-parasitic nematodes under five 
families: Alaimidae, Odontopharyngidac, Rhabditidae, Trilobidae and Tylenchidae. 
Filipjev (1934) worked out the first usable classification of the tylenchs. Thorne 
(1949) elevated Tylenchida to order level and gave it fundamental classification of 
the group. Chitwood & Chitwood (1950) proposed the sub order Tylenchina and 
established the family Dolichodoridae under the super family Dolichodoroidea for 
the sub order Hoplolaimina. 
Tarjan (1952, 1957, 1958, 1960, 1967) Whitehead (1958. 1959, 1960, 1968) 
and Brzeski (1962-1998) made significant contributions to this group. Skarbilovich 
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(1959) and Paramonov (1967) both also gave valuable addenda to the classification 
of Tylenchida. Andrassy (1976) distinguished two suborders. Aphelenchina and 
Tvlenchina, and enumerated 23 families within the latter suborder. Siddiqi (1980) 
differentiated Aphelenchida at a rank of a separate order from the Tylenchida and 
proposed the suborders Criconematina and 1-lextylina. His books (1986, 2000) 
`Tylenchida: parasites of plants and insects' are milestones in the history of 
Nematology. Later, Lorenzen (1981) united tylenchs and aphelenchs in the order 
Tylenchida. Baldwin and Bell (1981) described a new genus Pararotylenchus with 
six new species and proposed a new subfamily Pararotylenchinae under the family 
Hoplolaimidae while Baldwin et al., (1983, 1989) described some new species and 
proposed a new genus Ekphymatodera under the family Heteroderidae. 
Maggenti (1982) classified Tylenchida into two suborders: Tylenchina and 
Sphaerulariina. In the series of eleven articles united under the title, "A reappraisal 
of Tylenchina (Nemata)," Fortuner, Geraert, Luc, Maggenti and Raski (1987-1988) 
presented a well-documented and stable foundation of the classification of 
.i 
Tylenchina. Chizov and Berezina (1988) considered three suborders under 
Tylenchida: Tylenchina, Hexatylina and Hoplolaimina. Ryss (1993) added another 
suborder to the three, the Criconematina. Hunt (1993) also treated Aphelenchida as 
an order distinct from Tylenchida. Brzeski (1998) in his book, "Nematodes of 
Tylenchina in Poland and temperate Europe" provided species lists and 
determination keys to the European tylenchs. 
Loof (2001) presented more than one hundred species of tylenchs and 
discussed Aphelenchida and Tylenchida as two distinct orders in his book on 
freshwater tylench species of' Central Europe. De Lay and l3laxter (2002, 2003) 
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assigned the tylenchs an infraorder rank. Tylenchomorpha, to the class 
Chromadorea, the order Rhabditida and the suborder Tylenchina. They distinguished 
five superfamilies within the the suborder Tylenchina (Aphelenchoidea. 
Criconematoidea, Sphaerularioidea, Tylenchoidea and Myenchoidea) and fifteen 
(2002) or Sixteen (2003) families, respectively. Berg et al. (2002, 2003. 2005, 2007) 
described some new and known species of Hemicycliophorinae, Pratylenchidae and 
Criconematidae from Namibia, Rawanda and South Africa. Nguyen et al. (2003, 
2004) described a new species of Radopholus and 13 known and 1 new species of 
Paratylenchus while Trinh et al. (2005, 2009) described one new and one known 
species of Radopholus and proposed a new genus Apratylenchus with a new 
subfamily Apratylenchinae from Vietnam. Castillo et al. (2003) described a new 
species of Meloidogyne from Spain while Zhang & Zhang (2003) described a new 
species of Pratylenchoides and Chen & Liu (2003) described a new species of 
Hemicriconemoides from China. Kim et al. (2005) described a new species of 
Meloinema from Korea and Bernard (2005) described a new species of Filenchus 
from Hawaii. Pena-Santiago et al. (2006), Inserra et al. (2007) and Mizukubo et al. 
(2007) described some new and known species of the genus Pratylenchus from 
Atlantic Europe, Florida and Japan respectively while Ryss (2007) studied the 
taxonomy and evolution of the genus Pratylenchoides and provided a list of valid 
species with synonyms and keys for all species of the genus. Wouts (2006( 
described fauna of Criconernatids from New Zealand while Handoo et al. (2007) 
described a new species of Merlinius and provided a key and diagnostic 
compendium to the species of the genus Merlinius. Marais cat al. (2008) described 
one new and four known species of Helicotylenchus from Rawanda while Elbadri et 
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al. (2009, 2010) described a new species of Helicotylenchus and two new species of 
Tylenchorhynchus from Sudan. Bert et al. (2010) studied the morphological, 
morphometric and molecular characterization of a new species of Filenchu. from 
Japan while Berg et al. (2010) studied the morphological and molecular 
characterization of two known species of Hemicycliophora from South Africa. 
Geraert's books (2006. 2008, 2010 & 2011) with valuable data serve as catalogues 
of tylench species. 
From India, Barber (1901) first discovered root-knot nematode infesting tea 
from Kerala which was the first ever report of a plant parasitic nematode in India. 
Butler (1906) reported infestation of root-knot nematode on black pepper from 
Kerala. Later, he (1913, 1916) described the 'ufra disease' of rice and its agent 
Ditylenchus angusius. Dastur (1936) described the 'white tip' disease of rice and its 
agent Aplelenchoides besseyi from Madhya Pradesh. 
Several taxonomists with some of the significant contributions in the field of 
V 
taxonomy of tylenchids from India are Siddiqi (1959 — 1999), Jairajpuri (1962 — 
1988), Khan and Siddiqi (1963 & 1964), Khan et al. (1968, 1969 & 1976), Mathur 
et al. (1966), Husain and Khan (1967, 1968), Khan and Khan (1975), Bajaj and 
Bhatti (1979), Ganguly and Khan (1983), Darekar and Khan (1981), Saha and Khan 
(1982), Javed (1982, 1984). Shaw and Khan (1992), Sharma and Siddiqi (1992), Lal 
and Khan (1994, 1997), Rahaman and Ahmad (1996), Khan and Khan (1997), 
Rahaman and Sharma (1998). Rathour et al. (2003a & 2003b), Mohilal et al. (2004). 
Mohilal and Dhanachand (2004), Das and Bajaj (2005 & 2008), Pramodini et al. 
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(2006 & 2007) and Singh et al. (2010). 
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Order Rhabditida 
[he members of Order Rhabditida occupy very diverse habitats. They are 
mostly terrestrial but some have been recorded from freshwater or semiaquatic and 
even marine habitats. Soil-inhabiting rhabditids are largely bacterivores to a lesser 
extent. predators (Butlerius. Fictor, Mononchoides and Oigolaimella) while a small 
fraction represents parasitic associations (Steinernema and Hetrorhabditis). 
Dujardin (1845) first established the genus Rhabditis with R. terricola as the 
type species. Later, Bastain (1865) described four new species of the genus. While 
Butschli (1873) in 'Beth-age Zur Kenntniss der f,•eilebenden Nematoden' gave 
detailed account on the morphology of rhabditids. Orley (1880) proposed the family 
Rhabditidae and compiled a synopsis of 42 rhabditid species described by Dujardin 
(1845), Linstow (1878), Clause (1862), Bastian (1865), Butschli (1873). In his 
monograph, Orley (1880) published new data on the biology, taxonomy and 
pathology of the genus Rhabditis and listed 36 valid species. de Man (1876. 1880, 
1884) added a few new species and accepted thirty-seven species in Rhabditis. 
Further, Micoletzky (1922) described seven new species under the family 
Rhabditidae. Chitwood (1930) gave a detailed morphological account of Rhabditis 
and later, in 1933, erected the order Rhabditida. Volk (1950), Sachs (1949, 1950), 
Korner (1954) and Ruhm (1956) described many new species and published data on 
the ecology and biology of Rhabditidae. Osche (1952) described three new and 
thirty-two known species under the genus Rhabditis while Hirschmann (1952), 
described five new species and redescribed fourteen species under the genus 
Rhabditis and one species under Diploscapter. Korner (1954) further proposed 
thirteen new species under Rhabditis and redescribed three known ones besides 
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erecting a new genus Rhandiionema. Dougherty (1953, 1955) gave detailed 
descriptions of the taxi of subfamily Rhabditinac and also added addendum on the 
composition of the family Rhabditidae. Goodey (1963) accepted three superfamilies. 
Diplogastroidea, Pseudodiplogastroidea and Rhabditoidea under the suborder 
Rhabditina and considered subfamilies Pterygorhabditinae and Bunonematinae 
under Bunonematidae. Paramonov (1964) proposed the family Odontorhabditidae 
for the genus Odontorhabditis. 
Andrassy (1970) proposed the subfamily Stomachorhabditinae for the genus 
Stomachorhabdiiis under the family Rhabditidae, and in 1971 erected 
Craspedonematinae. He (1976) accepted three superfamilies AIloionematoidea, 
Bunonematoidea, Rhabditoidea under the suborder Rhabditina. He also proposed 
three families: Rhabditonematidae, Rhabditidae and Odontorhabdtidae under the 
superfamily Rhabditoidea with Rhabtitidae divided into seven subfamilies including 
newly raised Mesorhabditinae. Peloderinae and Ablechroiulinae. He (I. c.) made 
very important changes in the classification of rhabditids such as splitting of 
tIL.sorhabditis to create Bursilla and splitting of Rhabditis to include Oscheius and 
Colporhabditis. The subfamily Pterygorhabditinae was shifted to Bunonematoidea. 
Further, in 1984, he revised classification scheme and also proposed new genera 
Dolichorhabditis, Rhomborhabditis, Discoditis, Rhitis and Rhodonema. Recently, he 
(2005) split up the order Rhabditida into five suborders: Teratocephalina, 
Cephalobina, Myolaimina, Rhabditina and Diplogastrina. Sudhaus (1974-2011) 
worked on the taxonomy of rhabditids and diplogastrids and made significant 
contribution by publishing a series of papers on the systematics, phylogeny, ecology 
and biology of the genera of Rhabditidae. He (1976) also studied cladistic 
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relationships of this group based on morphological characters and in 199) provided 
a checklist of species of Rhabditis discovered between 1976-1986. In 1996 along 
with Kiontke, he studied the phylogcny of Caenorhabditis and with Fitch in 2001 
published on the phylogeny and systematics of Rhabditidae. Further Kiontke (1999) 
Kionike & Sudhaus (1996, 2000, 2006) and Kiontke et at. (2004) worked on 
taxonomy and phylogeny of rhabditids. Fitch (2000) worked on evolution of 
Rhabditidae and the development of male tail, Sudhaus and Kiontke (2007) 
compared the cryptic species (C. brenneri and C. remanei) with the stem pattern of 
C. elegans group. 
Other scientists who also contributed to the taxonomy of rhabditids include 
Artigas (1927), Fuchs (1931), Timm (1957-1961a), Farkas (1973), Belogurov 
(1977), Anderson (1979, 1983), Bernard (1979), Andrassy (1976; 1982; 1983a, b, c; 
1998), llassonville & Heyns (1984), Schulte (1989), Zeiden & Geraert (1989), 
J  Gerber & Giblin-Davis (1990) Smart & Nguyen (1994), Gagarin (1977, 2000b), 
Abolafia & Pena-Santiago (2001, 2007, 200%, b), Eroshenko (2002), Holovachov et 
al. (2003). Stock et al. (2005), Tabassum & Shahina (2002, 2008). Kanzaki ct al. 
(2008) and Weimin et al. (2010). 
From India, scanty information on rhabditids is available because of the 
sporadic studies made on this group. Khera (1968, 1969, 1971) is among the Indian 
pioneers who reported a few new genera and new species of rhabditids. Later 
Tahseen & Jairajpuri (1988) described a new species Teratorhabdi(is andrassyi. 
Iluseni et al. (1997) described three species Bunonema irregularis, Bunonema 
minutum and Pierygorhabditis superbus under the Superfamily Bunonematoidea, 
J 
Later Tahseen el al. (2004) proposed a new genus MMetarhabdiris. She along with 
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coworkers added new species to genera Oscheius (2006) and Poikilolaimus (2009). 
They (2009) also discussed the biogeography and detailed systematics of the 
monotypic genus Distrolabrellus and in 2012. they described a new and a known 
species of Cruznema and a new species of the closely related Rhabpanus. Ahmad et 
al. (2007) proposed a new genus Sclerorhabditis. 
Taxonomic work on diplogastrids can be traced from the same time as on 
rhabditids. de Man (1876) described Tylopharynx and established the genera 
Diplogasteroides and Odontopharynx in 1912. Schultze in Carus (1857) described 
the genus Diplogaster whereas Micoletzky (1922) placed Odontopharynx under 
Odontopharynginae, while Steiner (1929) raised the latter to family rank. Cobb 
(1920) established the genus Myctolaimus and in 1924, he described the genus 
Neodiplogaster while Rahm (1928) proposed Mononchoides with M. longicauda as 
its type species and Goodey (1929) proposed the genus Butlerius with B. butleri as 
its type species. Sachs (1950) contributed to the biology and ecology of free-living 
nematodes specially rhabditids, diplogastrids and cephalobids and described a few 
new species of the genus Diplogaster along with redescriptions of several other 
species of the group. Paramonov (1952) described five new genera viz.. 
Pareudiplogaster, Fictor. Paroigolaimella, Oigolaimella and Diplogasteritus and 
proposed subfamily Neodiplogastrinae. Korner (1954) described and illustrated 
several species of Diplogasler. Weingartner (1955) categorised diplogastrids into 
nine groups viz.. grad/is. .cchneideri. nudicapitatus, rivalis, inaequidens, 
coprophagus. Iheritieri, levidentu.s and striatus groups. She (I. c.) also added a few 
new species to the genus Diplogaster. Goode v (1963) in his meticulous work, 
proposed three superfamilies: Diplogasteroidea. Pscudodiplogasteroidoidea and 
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Rhabditoidea under the suborder Rhabditina and proposed the subfamilies 
Diplogasterinae, Odontopharynginae and Tylopharynginae under the family 
1)1plogasteridae besides svnonymising the subfamilies Cephalobiinae. 
Diplogasteroidinae, Demaniellinae and Neodiplogasterinae with Diplogasterinae. He 
(I. c.) further accepted 22 heterogeneous genera under Diplogasterinae including 
those upgraded from subgenus rank viz., Rhabditolaimus, Mesodiplogaster and 
Aticoletzkya. He considered the genera, Cylindrocorpus, Goodeyus and Myctolaimus 
under Cylindrocorporidae while accepted Pseudodiplogasteroides and 
Protodiplogasteroides under Pseudodiplogasteroidoidea. 
Andrassy (1976) proposed Cylindrocorporoidea and placed it along with 
Diplogastroidea under Diplogastrina, but did not accept Pseudodiplogasteroidoidea. 
He. 	therefore, 	considered 	Pseudodiplogasteroidoidae 	along 	with 
Odontopharyngidae. Diplogasteroididae and Diplogastridae under Diplogastroidea. 
He (l. c.) also accepted the subfamilies Diplogastrinae, Demaniellinae, 
Heteropleuronematinae and Tylopharynginae and proposed a new subfamily 
Goffartinae under Diplogasteroididae and Paroigolaimellinae and Mononchoidinae 
under Diplogasteridae. Again. Andrassy (1984) in his exhaustive account on class 
Nematoda divided Diplogastrina into three superfamilies: Cylindrocorporoidea, 
Odontopharyngoidea and Diplogastroidea and accepted eight families. 
Zullini & Loof (1980) and Zullini (1981) besides describing new species also 
published systematic notes on species of Diplogastridae. Inglis (1983) regarded the 
diplogastrid nematodes as a separate order Diplogastrida and divided them into five 
suhorders: Diplogastrina, Alaninematina. Cephalobina. Rhabdiasina and 
.I 
Strongv loidina. Giblin and Kava (1984) established a new genus Aduncospiculum 
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with A. halicti as its type species while Dassonville and Heyns (1984) described two 
new species of Mononchoides from South Africa. Ebsary (1986a, b) described some 
new species to the genera Butlerius, Mononchoides and Koerneria from Canada and 
proposed the genus Parahurlerrus for the monodetphic species. Sudhaus & Rehfeld 
(1990) described Diplogaster coprophilus (= Paroigolaimella coprophilus), D. 
affinis (= P. afnis) and related species with notes on distribution, ecology and 
phylogeny. Kiontke & Sudhaus (1996) described Dip!ogasirel us cerea with a 
revision of subgenus Diplogastrellus. The morphological, genetic and molecular 
description of Pristionchus pacificus was given by Sommer et al (1996). Furst von 
Lieven & Sudhaus (2000) accepted Diplogastrina, gave a comparative functional 
morphology of the buccal cavity and also a first outline of the phylogeny of this 
taxon. The former worker (2002a) studied the detailed feeding mechanism of 
Tylopharynx and suggested a close relationship of bunonematids with diplogastrids 
(2002b). He later (2003) described two new species of Oigolgimella, De Ley & 
Blaxter (2002) raised an equivalent taxon Diplogastromorpha with some deviation 
from the scheme of classification proposed by Andrassy (1984). Further, Sudhaus & 
Furst von Lieven (2003) using cladistic method classified Diplogastrid nematodes 
and accepted only 28 out of the 83 published genera under only one family 
Diplogastridae. Poinar et aL (2003) described new species of Cylindrocorpus (C. 
inevectus) from oil palm weevil, and proposed a new family Longibuccidae for the 
genus Longibucca, that was previously placed in Cylindrocorporidae. Furst von 
I 
Lieven (2008a, b) described a new species of the genus Koerneria (K .rudhauci). 
i 
Kanzaki et a1. (2009) established a new genus Terarodiplogasier under the family 
,— 
Di to astridac, with 7: p g 	 frgnewmuini as its type species. In 2009, 2010a, 20106, they 
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also described some new species of the genus Acrostichus. Recently in 2012, they 
described new species of 1 eratodiplogaster and ParasiIodiplogasIer from Africa 
v 
and proposed a new genus Parapristionchus with P. giblindavisi its type species. 
The workers who contributed significantly to the taxonomy of diplogastrids 
by adding many new taxa. are Schneider (1866, 1923, 1937, 1938, 1943). Steiner 
(1914. 1936), BUtschli (1873. 1874, 1876), Paesler (1939. 1946, 1962), Andrassy 
v 
(1958-1987),, Blinova & Vosilite (1976, 1978), Gagarin (1977, 1983, 1995, 1998a, 
h. c, 2000, 2001, 2002), Massey (1960a, b. 1962, 1966a, b, c, 1971, 1974), Ruhm 
(1954, 1956a, b, 1959a, b). Taylor & Hechler (1966). Morand & Barker (1995), 
Poinar (1969, 1979, 1990) and Steel et al. (2011).`" 
From India, Khera (1965, 1970) and Suryawanshi (1971) reported a few new 
diplogastrid taxa. Tahseen et al. (1992) elucidated structural details of 
Mononchoides fortidens using scanning electron microscopy. Hussain el al. (2004) 
reported two new species of Myctolaimus. Ahmad et al. (2004) proposed Peterngus, 
with P. nepenthi as the type species. Ahmad et al. (2005) described a new and a 
known species of Diplogasirellus., Mahmood ei al. (2006, 2007) and Mahmood & 
Ahmad (2009) also contributed to the taxonomy of diplogastrids. Mahamood & 
Ahmad (2009) first reported Paroigolaimella bernensis and Oigolaimella 
longicauda from India and in 2010; they described males of Koerneria filicaudata 
for the first time. 
Order Mononchida 
The history of mononchs goes back to 1845 when Dujardin described 
Oncholainuus muscorum, 0..Jorearum and Enoplus crassirulus. I lowever. Bastian 
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(1865) proposed the type genus Mononchus, described five new species viz., A1. 
Iruncatus, M. papillatus, M. ►nac rostoma. Al. tunhridgensis and M. cristalus and 
transferred the three species of Dujardin to this genus. During the next 50 years 
(1865-1915) this group of nematodes did not attract much attention. In 1916. Cobb 
split the genus Mononchus into five subgenera, viz., Mononchus. Prionchulus, 
Mylonchulus, lotonchus and Anatonchus. In 1917, he proposed another subgenus. 
Sporonchulus and described 32 new species of mononchs. Micoletzky (1922) and 
Thorne (1924) both gave valuable contributions to the classification of this group. 
Filipjev (1934) proposed the subfamily Mononchinae which was raised to the family 
Mononchidae under the superfamily Tripyloidea, suborder Enoplina, order Enoplida 
for the genera Mononchus and Prionchulus and the subgenera Mylonchulus, 
lotonchus, Anatonchus and Sporonchulus. Of these four subgenera, Anatonchus was 
raised to genus status by De Coninck (1939), lotonchus and Mylonchulus by Altherr 
(1950, 1953) and Sporonchulus by Pennak (1953). Andrassy (1958) provided a 
valuable revision of the group and added five more genera to the family 
Mononchidae. 
Clark (1960a, b, c, 1961a. b, c, d, 1962, 1963) in a series of papers described 
mononchs from New Zealand. He (1961 d) removed Mononchidae from the suborder 
Enoplina and brought it under the suborder Dorylaimina together with the new 
family Bathyodontidae and gave it superfamily status. In a series of papers entitled, 
"The Mononchidae: A family of predaceous nematodes". Mulvey (1961a. b, 1962, 
1963a, b) described several new species belonging to various genera of mononchs 
from Canada and also provided thoroughly revised descriptions of a large number of 
known species along with a key to their identification. Mulvey and Jensen (1967) 
)5 
described 16 new species and proposed four new genera. Coetzee (1965, 1966, 
1967a, h. 1968) described several known and new species of mononchs from South 
Africa while Jensen and Mulvey (1968) reported some 24 known and five new 
species in "Predaceous nematodes (Mononchidae) of Oregon." 
I/ 
Jairajpuri (1969, 1970a, b, 1971) not only reported for the first time many 
genera of mononchs from India but also described a number of known and new 
species. He (1969) removed the mononchs from Dorylaimida and gave them an 
independent Ordinal rank. Jairajpuri (1971) recognised two suborders: the 
Mononchina with two superfamilies Mononchoidea and Anatonchoidea and 
Bathyodontina with two super€amities Bathyodontoidea and Mononchuloidca. 
Under Mononchina, he recognised five families — three under Mononchoidea and 
two under Anatonchoidea. Eliava (1978), in his revised classification of the Order 
Dorylaimida, accepted two suborders Mononchina and Bathyodontina under 
Mononchida but these were recognised as suborders under Dorylaimida by Coomans 
and Loof (1970). Siddiqi (1983) discussed the phylogenetic relationship among the 
soil nematode Orders Dorylaimida. Mononchida. Triplonchida and Alaimida and 
proposed several new Orders. He (1984a)erected four new genera, viz., 
Capulonchus, Mulveyelius, Nigronehus and Truxonchus, described many new 
species and proposed several new combinations. In 1984b and 1984c, he described 
two new species of loronchus and a new species of Anatonchus from the Fiji Islands 
and also described Nullonchus, an interesting new genus of toothless mononch, and 
proposed a new subfamily, Nullonchinae, under Analonchidae. 
Andrassy (1985) described a new species each of Clarkus, Cobbonchus and 
the rare genus Margaronchulus from the southern hemisphere. Choi and Choi 
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(1987) from Korea. Yeates (1987) from New Zealand and in (1992) from New 
Caledonia. Tsalolikhin (1988) from USSR. Volcy (1988) from Colombia, Popovici 
1990) from Romania. Chaves (1990) from Argentina, Vinciguerra and Rosa (1990) 
from subantarctic America. Loof et al. (1990) from Iran, and de Bruin and Ileyns 
(1992a. b) from South Africa, all described or redescribed several species of 
mononch. Andrassy (1992, 1993a, b) in a series of important publications on the 
taxonomy of the families Mylonchulidae, Mononchidae and Anatonchidac, 
recognised only one subfamily, the Mylonchulinae, with seven genera, under 
Mylonchulidae; two subfamilies, Mononchinae and Cobbonchinae, under 
Mononchidae with nine genera, under Mononchinae; two genera, under 
Cobhonchinae; three subfamilies, Anatonchinae, Iotonchinae and Miconchinae 
under Anatonchidae with 12 genera, under Iotonchinae; five genera, under 
Miconchinae; and three genera under Anatonchinae. Peneva el al. (1999) made 
detailed observations on the nematodes of the subfamily Anatonchinae from 
Bulgaria and described a new species of Anatonchus and Tigronchoides. 
In recent years, several new genera and species of mononchs have been 
described from unexplored areas of the world. Jairajpuri et al. (2000, 2001a, b) 
described two new genera. Parke//us and Micatonchus, and several new species 
i 
from Korea, while Khan et al. (2003) added two further species to Micatonchus 
from Korea. Khan et al. (2000) and Khan and Araki (2002) described a few species 
from Japan. Siddiqi and Jairajpuri (2002) described an interesting new genus and 
f 
species, Crestonchus cristatus, from Cameroon while Andrassy (2003) described 
some mononchs from Alaska. Winiszewska (2002) and Susulovsky and 
,j 	 ✓  
Winiszewska (2002, 2006) and Susulovsky ei al. (2003), in a series of papers on the 
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genus Prionchulus, described several new species mainly from Poland. Russia and 
Ukraine. Ahmad etal. (2005) described mononchs from Singapore and Loof (2006) L' 
described several new and known species from Malaysia. Vinciguerra and Orselli 
(2006) and Orselli and Vinciguerra (2007) described several species from Ecuador 
while Andrassy (2008) described a new species in each of the genera Mononchus, 
Cobbonchus. lolonchus and Miconchus from Ecuador and Papua New Guinea, In 
2009, he proposed a new genus, Cobbonchulus, for Cobbonchulus longicaudalus. 
Choudhary et al., (2009) described a new species of Anatonchus from Iran. Ahmad 
and jairajpuri (2010) in their extremely useful compilation, "Mononchida: The 
Predaceous Nematodes" provided a detailed account of the morphology and 
systematics of the Order Mononchida, diagnoses and identification keys to the 
Suborders, family groups and all genera described to that date. 
From India, Kannan (1961 a. b, c) reported some new and known species of 
the genera Mononchus and Mononchulus from Madras City. Jairajpuri (1969, 1970a, 
b, 1971) reported many genera and also described a number of known and new 
species. Baqri et al. (1978) described two new species of lotonchus and a new 
species of Cobbonchus from India while Khan et al. (1978) added two new species 
of Miconchus from India. Khan and Jairajpuri (1979) revised the classification of the 
family lotonchidae and proposed a new subfamily Hadronchinae. Mohandas (1979), 
Mohandas and Prabhoo (1979) and Sharma and Saxena (1981) also described and 
redescribed several species from India. Ra ,` and Das (1983) added a new genus, 
11adronchulus while Patil and Khan (1982), Ahmad and Jairajpuri (1983) and 
Rahman and Jairajpuri (1983) described several more new species. Khan and Saced 
(1987) proposed a new genus, Pakrn 'lonchulus, close to Mylonchulus. Lal and Khan 
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(1988). Gambhir and Dhanachand (1990) and Azmi (1991) also described and 
redescribed several species of mononch. Anandi cat al. (1997) and Mohilal and 
Dhanachand (1997) described new species of the genera Paramylonchulus, Actus 
and Coomansus from Manipur. India. Dhanachand et al., (1991, 1995, 2006), 
Dhanam and Jairajpuri (1998. 1999, 2002). Mohilal and dhanachand (1997), Mohilal 
el al. (2000, 2006), Rawat and Ahmad (2000), Saha et al., (2004, 2006), Jana et al., 
(2006. 2008, 2009, 2010) and Tahseen and Rajan (2009) also made significant 
contributions to the group. 
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IVlateria(s 
(Methods 
Sampling: Samples (soil, litter, decaying organic debris etc.) were collected from 
natural forests and fruit orchards in different altitude zones and varied habitats of 
Uttarakhand. "l'he soil samples were taken from a depth of 5-15 cm and kept in 
airtight polythene bags. All relevant information such as host, locality and date of 
collection were marked on the samples and these samples were then brought to the 
laboratory for further processing. 
Processing of soil samples: The samples were processed by modified Cobb's 
(1918) sieving and decantation and modified Baermann's funnel techniques. From 
each large sample, a sub-sample of about 500 cc was taken and mixed thoroughly 
with water in a bucket taking care to remove debris and breaking the large clods and 
soil crumbs. The bucket was then filled with water and the suspension was stirred to 
make it homogenous. The mixture was kept undisturbed for about half a minute so 
as to allow heavy matters to settle down at the bottom of the bucket. The suspension 
was then passed into another bucket through a coarse sieve (2 mm pore size) which 
retained large debris, roots and leaves etc. The suspension in the second bucket was 
stirred thoroughly and was kept undisturbed for 30 seconds and then poured through 
a fine sieve of mesh number 300 (pore size 53 gm). Nematodes and very fine soil 
particles were retained on the sieve, the residue was then collected in a beaker. This 
./ 
step was repeated 2 to 3 times for good recovery of nematodes. 
Isolation of nematodes: The residue collected in the beaker was poured on a small 
coarse sieve lined with tissue paper. The sieve was then placed on a Baermann's 
funnel containing water sufficient to touch the bottom of the sieve. Special care was 
taken to avoid trapping air bubbles at the bottom of the sieve. The stem of the funnel 
was fitted with a rubber tubing provided with a stopper. The nematodes migrated 
40 
from the sieve into the clear water of the funnel and accumulated at the bottom. 
After 24 hours, a small amount of water was drained into a cavity block through the 
rubber tubing. The nematodes thus isolated were fixed and processed for mounting 
on slides. 
Killing and fixation: 	The collected nematodes in cavity blocks were left 
undisturbed for a few minutes so as to allow them to settle down at the bottom. 
Excess water was removed using a fine dropper and hot FG fixative (8 ml of 40% 
commercial formaldehyde + 2 ml of glycerol + 90 ml of distilled water) was poured 
into the cavity block. This act simultaneously killed and fixed the nematodes. 
Mounting and sealing: 24 hours after fixation, the nematodes were transferred to a 
mixture of glycerine-alcohol (5 parts glycerine + 95 parts 30% alcohol) in a cavity 
block, which was then kept in a desiccator containing anhydrous calcium chloride. 
After 3 to 4 weeks the nematodes were dehydrated and were ready to be mounted. A 
small drop of anhydrous glycerine was placed on a clean glass slide and the 
nematodes were transferred from the cavity block into this drop. Either a ring of wax 
was made or the pieces of wax were kept around the drop and a circular glass cover 
slip was gently placed on the ring or pieces. This slide was then heated on a hot 
plate. As the wax melted it sealed the drop of glycerine with the nematodes. 
Measurements and drawings: Measurements were made on specimens mounted in 
dehydrated glycerine with an ocular micrometer. de Man's (1884) formula was used 
to denote the dimensions of nematodes. All morphological observations, drawings 
and photographs were made on an Olympus 13X 50 DIC and a Nikon 80i DIC 
microscopes. 
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Abbreviations used in the text 
L 	— 	Total body' length 
a 	= 	Body length / greatest body diameter ' 
b 	= 	Body length / distance from anterior end to the oesophago-intestinal 
junction 
c 	= 	Body length / tail length 
c' 	= 	Tail length / anal body diameter 
V 	= 	Distance of vulva from anterior end x 100 / body length 
T 	= 	Length of testis x 100/body length 
ABD = 	Anal body diameter 
VBD = Vulval body diameter 
GP 	= Genital papillae 
Diam. = Diameter/diameters 
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Systematics 
Order Tylenchida Thorne, 1949 
Diagnosis: Body shape predominantly vermiform, not exceeding 3 mm in length 
(except some insect-parasitic females). some plant-parasitic (e.g. Nleloidogynidae, 
Heteroderidae) and most insect-parasitic females become obese and partially or 
wholly immobile. Cuticle usually clearly annulated, annules occasionally wide or 
coarse, may be provided with short appendages: scales, spines or digitate 
outgrowths. Lateral fields with thickned cuticle and 2 to 6 (or none) incisures. Head 
often quadrangular from frontal view, having a more or less developed internal 
hexaradiate framework. Lips six, amalgamated, labial papillae originally six+six, 
minute, cephalic sensilla four, papilliform, very rarely setiform. Amphidial apertures 
small, pore- or slit-like, on lateral lips. Mouth cavity armed with an axial, hollow 
and protrusible stylet composed of a conical and a cylindrical part and 
predominantly bearing three basal knobs. Oesophagus with slender procorpus, 
generally offset, bulb like metacarpus (rarely absent), isthmus and glandular 
terminal portion; the latter bulb-like or lobe-like, overlapping intestine. Medial bulb 
(metacarpus) muscular or non muscular, generally valuate, terminal bulb-like 
swelling non-muscular and never possessing valve. Feeding apparatus in males of 
certain groups degenerate and nonfunctional. Oesophageal glands three, in the basal 
bulb or a terminal lobe; dorsal gland orifice opening in the procorpus, close behind 
stylet, subventral gland orifices leading into the metacarpus. Excretory duct and pore 
conspicuous. Female genital tract amphidelphic or mono-prodelphic, rarely (in 
spherical females) di-prodelphic; ovaries outstretched. Glandular part of uterus 
(crustafortneria) consisting of three or four rows o1 cells (tricolumella and 
quadricolumella. respectively). Testis one, outstretched. Specules various in shape, 
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gubernaculum present. Bursa (caudal alae) generally present. Often short, adcloacal. 
lacking papillary ribs (at most with stick-like amphids). Genital papillae absent. No 
caudal glands. Phasmids present or absent, occasionally large and precaudal in 
position, in males may extend into the bursal flaps. 
Type suborder: 	Tylenchina Chitwood in Chitwood & Chitwood, 1950 
Other suborders: 	Criconematina Siddiqi, 1980 
Hexatylina Siddiqi, 1980 
Hoplolaimina Chizhov & Berezina, 1988 
Suborder Hoplolaimina Chizhov & Berezina, 1988 
Diagnosis: Small to large nematodes (about 0.5-2 mm). Sexual dimorphism in 
cephalic region present or absent. Cuticle with distinct outer and inner layers, often 
strongly annulated, annules never retrorse. Lateral fields with one to six incisures 
reducing towards extremities, occasionally reduced or absent (Basirolaimus). 
Cephalic framework well developed, usually with high arches and strongly 
sclerotized and refractive. Labial disc distinct in several genera; with six labial 
sensilla in the form of papillae or pits present (usually not on surface in 
Hoplolaimidae) around a pore-like, round or oval oral opening; cephalic sensilla 
usually not on surface. Amphidial apertures pore- or slit-like, just below labial disc, 
rarely postlabial (Psilenchus, Macrotrophurus). Deirids generally absent, or present -- 
(Psilenchidae. Merliniinae). Phasmids present (not detectable in Aphasmatylenchus) 
in or near tail region (except for migratory scutella of some 1-loplolaimidae), small, 
with pore-like apertures, or large, scutellum-like, always in lateral position. 
Prophasmids absent. Stylet usually well developed; protractors tubular around stylet; 
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basal knobs prominent (absent in Psilenchidae). Orifice of dorsal oesophageal gland 
close to or at some distance from stylet base. Oesophageal glands free in body cavity 
or enclosed in a basal bulb. Postcorporal or median bulb well developed, muscular, 
with refractive inner thickenings (except in some males with degenerate oesophagus 
in Hoplolaimoidea). Intestinal cell walls and lumen usually indistinct; rectum and 
anus distinct. Female reproductive system basically didelphic, amphidelphic; 
posterior branch may be reduced. Vulva a transverse slit, lips usually not modified, 
median or submedian, in swollen females may be located subterminally or 
terminally; epiptygma present or absent. Glandular part of uterus tri- or rarely 
quadricolumellate. Spermatheca generally axial. Ovaries outstretched in opposite 
directions, reflexed or coiled in obese forms. Tails dissimilar between sexes (except 
Psilenchidae and some Pratylenchidac). Female tail generally short (less than two 
anal body widths) but may vary to become elongate-conoid or absent in some 
swollen females. Hypoptygma double. Bursa usually enveloping tail, subterminal, 
adanal (Psilenchidae) or rarely absent; with or without phasmidial pseudoribs. Testis 
single (may be double in some Meloidogyne), anteriorly outstretched. Spicules 
paired, similar or rarely dissimilar, cephalated, straight to arcuate, with or without 
distal flanges, independently protrusible. Gubernaculum simple trough-shaped or 
modified rod-like, fixed or protrusible, with or without terminal titillae; telamon (= 
capitulum) present in several genera. Obligate parasites of plant roots. No 
mycetophagy or insect parasitism. 
Type Superfamily: 	Hoplolaimoidea Filipjev, 1934 (Paramonov. 1967) 
Other Superfamily: Dolichodoroidea Chitwood in Chitwood & Chitwood, 1950 
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Superfamily Hoplolaimoidea Filipjev, 1934 (Paramonov, 1967) 
Diagnosis: Small to large nematodes (about 0.5-2 mm). Sexual dimorphism in 
cephalic region present and in stylet, oesophagus and body shape may also be 
present, indistinct in some Pratyleuchidae. Cuticle with distinct outer and inner 
layers, strongly annulated; longitudinal striae may be present but longitudinal ridges 
outside lateral fields absent. Cephalic framework strongly scleroli7ed and refractive, 
generally less developed in males. Labial disc generally offset, distinct; six labial 
sensilla usually not on the surface. Cephalic sensilla not on surface. First cephalic 
annule generally divided into six sectors which may be modified. Deirids absent 
(except Pratylenchoides). Phasmids small, with pore-like apertures, or large, - 
scutellum-like, always in lateral position, in or near anal region. near tail terminus or 
much anterior to anus at different levels; absent in Aphasmatylenchus. Stylet well — 
developed, two to five times maximum width of lip region; protractors tubular 
around stylet; conus about as long as shaft, knobs prominent. Oesophageal glands 
lobed, overlapping intestine (except in Pararolylenchus and some Pratylenchoides _ 
spp. in which they form a pseudobulb). Subventral glands enlarged, equal to or 
usually larger than dorsal gland; nuclei of one or both subventral glands lying 
posterior to that of the dorsal gland. Poslcorporal or median bulb always well 
developed (except in some males with degenerate oesophagus), muscular, with 
refractive thickenings. A cellular cardia absent, but oesophago-intestinal junction 
provided with a small cuticular valvula. Intestine cell walls and lumen usually 
indistinct: rectum and anus distinct. Female reproductive system basically didelphic, 
amphidelphic; posterior branch may be reduced or represented by a uterine sac. 
Vulva a transverse slit, in swollen females may be located subterminally or — 
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terminally: epiptygma present or absent: lateral membranes, if present, not 
conspicuous. Glandular part of uterus tricolumellate. Spermathecae thick-walled, 
round. usually axial, packed spermatozoa often showing cytoplasmic 'tails' pointing 
towards ovary. Ovaries paired. outstretched, reflexed or coiled in obese forms: 
posterior ovary may be rudimentary. 'Tails dissimilar between sexes (except some 
Pratylenchidae). Female tail generally short (less than two anal body widths) but 
may vary to become elongate-conoid, absent in some swollen females. Male tail 
usually short and with a distinct hyaline terminal portion. Bursa enclosing all or 
most of tail, absent in forms with tail less than one anal body width long 
(Meloidogynidae and Heteroderidae). Spicules paired, similar or dissimilar, — 
cephalated, straight to arcuate, with or without distal flanges, independently 
protrusible. Gubernaculum fixed or protrusible, with or without terminal titillae; 
telamon (= capitulum) present in several genera. 
Type family: 	Hoplolaimidae Fi]ipjev. 1934 
Other families: 	Heteroderidae Filipjev & Schuurmans Stekhoven, 1934 
Meloidogynidac Skarbilovich, 1959 (Wouts, 1973) 
Pratylenchidac Thorne, 1949 (Siddiqi, 1963) 
Rotylenchulidae Husain & Khan, 1967 
Family Pratylenchidae Thorne, 1949 (Siddiqi, 1963) 
Diagnosis: Vermiform nematodes (except Nacobbus). Cuticle well annulated, lateral - 
fields each with four to six incisures, very rarely areolated behind oesophagus. 
Deirids absent. Phasmids pore-like, on tail well behind anus, extending into bursa as 
pseudoribs except in Hirschmanniella. Labial region low, anteriorly flattened or 
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rounded, continuous or slightly offset from body. Labial framework strongly 
sclerotized. Stylet strong, length not exceeding three lip region widths (except in 
Hirschmanniella); conus about as long as posterior part: basal knobs large, rounded, 
usually closely applied to shaft. Median oesophageal bulb strong, rounded or oval, 
with prominent valve plates. Oesophageal glands lobe-like, overlapping anterior end 
of intestine. Oesophageal-intestinal valve not well developed. Female gonad ~- 
amphidelphic or monodelphic. No vulval flap or epiptygma. Spicules similar, 
cephalated, arcuate, pointed with subterminal opening on dorsal or ventral side. 
Gubemaculum simple, fixed, or complex with telamon or titillate, protrusible. Bursa 
terminal or subterminal. Tail in both sexes conoid, subcylindrical to elongate- 
conoid, about twice or more anal body width long. 
Type subfamily: 	Pratylenchinae Thome, 1949 	- 
Other subfamilies: 	I lirschmanniellinae Fotedar & Handoo, 1978 	' 
Nacobbinae Chitwood in Chitwood & Chitwood, 1950 — 
Radopholinae Allen & Sher, 1967 	— 
Subfamily Pratylenchinae Thorne, 1949 	_  
Diagnosis: No marked sexual dimorphism in anterior region. Small-sized (under l — 
mm long). Lateral field with four to six incisures. Cephalic region low, usually 
flattened, with two to three annules. Stylet generally less than 20 µm long. 
Oesophageal glands lobe-like, about three body widths or less long, mostly on 
ventral side of intestine. Intestine of regular width, lacking'thorneian cells'. Ovaries 
paired or single. Female tail three anal body widths or less long, subcylindrical to 
conoid, lacking a muero. Male tail conoid, arcuate, completely enveloped by a bursa. 
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Phasmids near middle of tail. Spicules arcuate, cephalated, with subterminal pore 
usually on ventral side. Gubernaculum fixed. Hypoptygnia generally present. 
Endoparasites of roots causing typical lesions, rarely attacking aquatic or marsh 
plants. 
Type genus: Pratvlenchus Filipjev, 1936 
Other genus: Zygotylenchus Siddiqi, 1963 
Genus Pratj ,lenchus Filipjev, 1936 
Diagnosis: Body length under 1 mm. No marked sexual dimorphism in anterior 
region. Cuticle distinctly annulated. lateral fields each with four to six incisures, 
occasionally with oblique median markings. Deirids absent. Phasmids near middle 
of tail. Cephalic region low, flattened anteriorly or rarely rounded, continuous with - 
body contour; sclerotization massive; labial disc inconspicuous. Amphidial apertures 
pore-like, near labial disc. indistinct. Stylet 20 µm or less long, with round, - 
anteriorly flat or indented basal knobs. Median bulb oval to round, very muscular. 
Oesophageal glands usually less than two body widths long, extending over intestine 
mostly ventrally. Vulva in posterior region (usually at 70-80%). Pseudo-mono- - 
prodeiphic, with only anterior ovary functional. Postvulval uterine sac present, with 
or without rudiments of posterior ovary. Spermatheca large, rounded, usually axial. 
Female tail subcylindrical to conoid, usually about two to three anal body widths 
long; terminus smooth or annulated. devoid of mucro. Bursa enclosing tail terminus. 
Spicules with subterminal pore on dorsal side. Gubernaculum simple, trough-like, -- 
fixed. 
Type species: Praii'Icnchus pralensis (de Man. 1880) Filipjcv, 1936 1  
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Pratyleuchus yanmgath Minagawa, 1991 
(Figs 1, 2) 
Measurements: In Table 1. 
Description 
Female: Body strongly to slightly curved ventrally after fixation; tapering towards 
extremities, more so posteriorly. Cuticle with fine transverse striations. Latcral fields 
7-8 µm wide with four lines, outer lines crenate, extending beyond phasmids. 
Cephalic region low, flattened anteriorly and countinuous with body. lip annules 
two. Cephalic framework strong, generally extending into body by one annule. 
Stylet stout with rounded and slightly anteriorly indented basal knobs, 2 pm high 
and 4-5 gm wide. Conus as long as shaft. Dorsal pharyngeal gland opening 2-4 pm 
posterior to stylet base. Procorpus cylindrical, usually 38-42 pm in length and 7-
M' in diam. Median bulb rounded to slightly oval, 11-12 µm long and 11-14 pm 
wide; valve moderately developed. Pharyngeal gland lobes overlapping intestine 
ventrally or ventrolaterally, 13-25 pm or 0.7-1.5 body width long. Dorsal gland 
nucleus at the level of pharyngeo-intestinal junction, ventrosublateral gland nuclei in 
posterior third lobe. Pharyngo-intestinal junction usually indistinct. Nerve ring 
encircling isthmus anteriorly or immediately posterior to median bulb. Ilemizonid 2-
5 sm anterior to excretory pore. Excretory pore usually opposite to pharyngo-
intestinal junction or slightly posterior to it. Intestine with small central lumen, with 
large granulated cells. 
Reproductive system mono-prodclphic with outstretched gonad. Oocytes 
arranged in one or two rows. Oviduct opening into spermatheca which is followed 
by trieollumalate crusiformaria and uterus Spermathcca rounded to oval, 12-20 tun 
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long. 9-15 dim wide and filled with sperms. Vulva a transverse slit. Vagina thick-
walled. Post-vulval uterine sac short. 9-14 pm long or 0.6-0.7 vulval body diam. 
Phasmids in middle or slightly posterior to middle tail. Tail usually dorsally curved, 
truncate, terminus rounded with distinct annulation. 
Male: Similar to females but with smaller body. Reproductive system monorchic. 
testis outstretched with multiple rows of spermatogonia. Cloacal prominence small. 
Spicules paired, slender, with well-marked manubrium and ventrally arcuate shaft. 
Gubernaculum simple. Bursa enclosing tail tip; extending slightly beyond anterior 
ends of spicules. Phasmids located in posterior half of tail. Tail usually dorsally 
curved with pointed tail tip. 
Habitat and locality: Soil collected from the rhizospheres of Peach (Prunus 
persica), Chaubatia, Ranikhet. Uttarakhand, India. - 
Voucher specimens 
Six females and five males on slide Pratylenchus yamagutiill -6, deposited in 
the nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Remarks 
The present specimens resemble P. yamagutii Minagawa, 1991; in most of 
the measurements and descriptions, but show minor variations in tail shape (usually 
dorsally curved in both male and female vs ventrally curved), the annulations on tail 
terminus (present vs absent) and in the position of phasmids (in middle or posterior 
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to middle of tail vs in anterior half of the tail). This species is being reported for the 
first time from India. 
i? 
Table I: Measurements (in µm) of Prntylenchus yamagulir Minagawa, 1991. -
Mean and S.D. given in parenthesis. 
Characters Females (n=6) Males (n=5) 
L 405-439(422 f 12) 359 - 403(380± 15.5) 
a 
b 
20.1-23.3(21.8+1.2) 
38-4.7(4.4+0.4) 
21.3-25.7(23.8+1.9) 
4.1-4.3(4.2+0.1) 
c 17.5-2L1 (19.1 f 1.2) 14.6-18.5(16.1±1.5) 
10- 2.4(2.1±0.2) 
74-80(77.3±2.0) 
19-21(19.5}0.8) 
2.0-2.8(2.4±0.3) 
37-45(41.833.3) 
14.8-17.8(16.1±1.3) 
VET 
Maximumbodywidth 
Lip width 
Lip height 2 2 
Styles 15-16(15.3±0.5) 15-16(153±0.5) 
Procorpus 46.5-56.4(5!±3.2) 43.6-51.5(45.8±3.3) 
Median bulb length II -12(11.4±0.5) 1I-12(11.4±0.5) 
Isthmus 
Pharynx length 
9-17(13.1±3.5) 9-12(10.6±1.3) 
39-Ill (97±9.0) 88-94(91±25) 
Excretory pore from ant. end 57.5 - 78.0 (68.5 ± 8) 53.5-64.5(56.5-4.5) 
52.5-53.5(53±0.5) Nerve ring from ant. end 49.5-68.5(58.8±6.6) 
Anterior gonad 102 - 170 (123 + 24.4) - 
Post uterine branch 10-14(12.5±1.3) -- 
VBD 	--- 15.8- 18.8(16.6±1.2) -- 
Vulva-anus distance 61.5-84.0(73.5±8.3) -- 
Rectum 9-11(10±0.6) I1-15(12.6+1.8) 
Tail 19.8-23.8(22.2±15) 
9.9- 11.9(10.7 f 0.7) 
21.8-25.5(23.8±1.6) 
ABD 9-11(10=0.7) 
Testis -- 144- 173 (159 t 12.3) 
Spicules -- 15-17(15.6±0.8) 
Gubernaculum - 4 
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Fig 1. Pratylenchus )u» iagutii A. Entire female, B. Entire male, C & D. Pharyngeal 
region, E. Lateral field, F. Female reproductive system, G-J. Female tail, K. Male tail. 
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Fig 2. 1'raitlenrhus ►tonagutH A. B. Anterior region. C. Lateral field, U. Female 
reproductive tract Bho%%in;; vulva and spermatheca. E. Female posterior region. F & 
6. Male posterior region (Scale bars = 20 rim). 
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Superfamily Dolichodoroidea Chitwood in Chitwood & Chitwood, 1950 
Diagnosis: Medium to large sized nematodes (1-3.5 mm long). vermiform. Cuticle 
prominently annulated. not showing distinct outer and inner layers (except 
Merliniinae). Lateral fields each with one to six incisures, number reducing towards 
extremities. Deirids present only in Merliniinae and Psilenchidae. Amphidial 
apertures pore-like or oval slits, usually near labial sensilla, or near cephalic sensilla. 
Phasmids small with pore-like aperture, on tail. Cephalic framework mostly with 
high arches and conspicuous extensions projecting posteriorly, with light to heavy 
sclerotization, annules generally distinct, basal annule mostly not indented. Oral 
aperture small, round or oval, surrounded by six labial sensilla. Stylet long (over 100 
m) to short (about 10-12 m), with distinct basal knobs (knobs absent in 
Psilenchidae). Orifice of dorsal oesophageal gland near stylet base. Corpus with 
cylindrical procorpus and a muscular round to oval metacarpus having refractive 
cuticular thickenings. Isthmus slender. Basal oesophageal bulb enclosing 
oesophageal glands present, or only the dorsal gland enlarging and extending over 
anterior end of intestine, while subventral glands remaining small and anterior to the 
dorsal gland and may or may not overlap intestine. Oesophago-intestinal valve or 
cardia three-celled, well developed, but reduced in forms with overlapping glands. 
Intestine with indistinct cell walls and lumen, containing refractive food globules. 
Female reproductive system didelphic, amphidelphic or pseudo-mono-prodelphic. 
Vulva a transverse slit, rarely round or oval, median or postmedian, with or without 
epiptygma, lateral vulval membranes absent. Glandular distal part of uterus 
tricolumellate. Spermathecae axial, round (in most groups), lobed (Merliniinae) or 
sac-like (Psilenchidae). Ovaries outstretched, oocytes in one row except in region of 
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multiplication. Female tail rarely less than two anal body widths long, variously 
modified being conoid. cylindroid. suhclavate or elongate-fiIiform. Male 
reproductive system monorchic, with outstretched testis. Bursa enveloping entire tail 
or, in Psilenchidae, adanal. Spicules symmetrical, cephalated, ventrally arcuate, with 
distal flanges (vela) and pointed tip bearing subterminal pore or cylindroid with tip 
broadly rounded and notched (Merliniinae). Gubemaculum simple or modified, 
fixed or protrusible, without titillae and capitulum. Cloacal lips not modified into a 
penial tube. Obligate migratory ectoparasites of roots. 
Type Family: 	Dolichodoridae Chitwood in Chitwood & Chitwood, 1950 
Other Families: 	Belonolaimidae Whitehead, 1960 (Siddiqi, 1970) 
Psilenchidae Paramonov, 1967 
Telotylenchidae Siddiqi, 1960 ~- 
Family Psilenchidae Paramonov, 1967 
Diagnosis: Small to moderately sized (0.5-1.8 mm). Cuticle distinctly annulated. 
Lateral field with four incisures, inner ones rarely obscure. Amphidial apertures 
-indistinct, pore-like, near oral opening, or distinct slit-like at base of lip areas. 
Deirids present. Phasmids distinct, pore-like. Cephalic region generally continuous, 
finely striated; six inner labial and four cephalic papillae on surface. Stylet slender, 
conus much shorter than the shaft, basal knobs present or absent. Median 
oesophageal bulb muscular, valvate. Basal bulb offset from intestine; cardia 
prominent. Vulva median or submedian, with or without lateral membranes. Ovaries 
paired, outstretched. Spermathecae axial (Psilenchinae) or lobed (Antarctenchinae). 
Tails filifonn or elongate-conoid, similar between sexes. Bursa simple, adanal. 
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Spicules tylenchoid. cephalated, pointed distally. Gubernaculum simple, trough-like, 
fixed. Weak plant parasites: associates of lo~%er plants (excluding fungi) and feeders 
on root hairs and epidermal cells. 
Type subfamily: 	Psilenchinae Paramonov. 1967 
Other subfamily: 	Antractenchinae Spaull, 1972 
Subfamily Psilenchinae Paramonov, 1967 
Diagnosis: Cephalic region smooth or annulated, conoid-rounded or broadly 
rounded: framework lightly sclerotized. Amphidial apertures generally distinct, oval 
slit-like near outer margins of lateral lip areas (indistinct in Atetylenchus). Stylet 
slender, base not knobbed; protractors divergent. Orifice of dorsal gland at some 
distance from stylet base. Vulva near middle of body, lacking epiptygma or lateral 
membranes. Spermathecae axial, elongate. Tails elongate-conoid, filiform or clavate. 
Bursa large, adanal. Phasmids may extend into bursa. Hypoptygma absent. 
Associates of plant roots and mosses. 
Type genus: Psilenchus de Man, 1921 
Other genus: Atetylenchus Khan, 1973 
Genus Psilenchus de Man, 1921 
Diagnosis: Body 0.7-1.7 mm long, usually curved upon relaxation. Lateral fields 
each with four incisures. inner two may be indistinct or absent. Amphidial apertures 
transverse, slit-like, at base of lateral lip areas. Phasmids distinct, on tail, anterior to 
its middle. Cephalic region elevated, rounded or conoid, smooth or striated; 
framework slightly sclerotized, with conspicuous outer margins extending into body. 
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Stylet cylindrical. 10-24 pm long, conus distinctly shorter than shaft, basal knobs 
absent. Median bulb prominent, generally oval, usually behind middle of 
oesophagus. Basal bulb small, pyriform: cardia discoidal or rounded. Vulva near 
middle (V = 45-53). lacking epiptygma and lateral membranes. Ovaries paired, 
outstretched in opposite directions. Spermathecae elongate, axial. Tail elongate, with 
clavate or non-clavate rounded tip. Bursa prominent, adanal. Sperms round, 
moderately large. Spicules tylenchoid, 25-33 µm long. Gubernaculum simple, 
trough-shaped, fixed. 
Type species: Psilenchus hilarulus de Man, 1921 
Psilenchus prunicus sp. n. 
(Figs 3, 4) 
Measurements: In Table 2. 
Description 
Female: Body straight to ventrally curved like an open C after fixation; medium-
sized (less than 1 mm), tapering towards extremities. Cuticle thin, finely striated, 
subcuticle also striated. Lateral fields with four incisures, outer ones crenate, not 
areolated, usually 7-8 pm wide or occupying about 17-23% of body width; central 
band wider than the lateral bands. Lip region elevated, round or conoid-round; 
smooth, usually 4 pm high and 7 µm wide, continuous with body contour. Cephalic 
framework well-narked, extending posteriorly to 3-4 annules of body. Stylet 
delicate, devoid of knobs; about two lip diam. long. Orifice of dorsal pharyngeal 
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gland located at 5-6 pm from base of stylet. Corpus cylindrical, narrow, median bulb 
ovoid. 16-20 pin long with cresentic valves; located 80-86 pm from anterior end. 
Isthmus 28-30 pm long, narrow. Basal bulb small, pyriform. Cardia large, 
hemispherical and submerged in the anterior end of intestine. Nerve ring encircling 
the isthmus in the anterior half at 64-67% of pharyngeal length. Hemizonid 2-3 
annules wide, slightly anterior to basal bulb. Excretory pore 1-2 annules posterior to 
hemizonid. Deirids prominent, at the level of hemizonid. Hemizonion present, I 
annule wide at base of basal bulb or slightly posterior to it 120-137 pm from 
anterior end. Intestine a straight tube with narrow lumen. 
Reproductive system amphidelphic, anterior branch on right side and 
posterior branch on left side of intestine. Ovaries long and outstretched. Oocytes 
arranged in multiple rows in germinal zone. Oviduct straight or tortuous, 
spermatheca elongate, 55-60 µm long, set off by a constriction from oviduct; 
crustaformaria quadricolumellate. Uterus divisible into a small glandular part and 
short muscular part. Vagina straight and muscular, extending inwards about half of 
vulval body diam. Vulva a transverse slit. Tail elongate, straight or slightly curved 
ventrally, tapering gradually to a rounded slightly clavate tip. Post-anal intestinal sac 
absent. Phasmids usually 15-36 µm posterior to anus. 
Male: Body straight to slightly curved ventrally or with the shape of an open C 
after fixation. General morphology similar to females. Reproductive system 
monorchic, testis elongate and outstretched. Spicules cephalated, ventrally arcuate 
and 1.4-1.7 anal body diam. long. (Iubernaculum simple, trough-shaped, about 1/3 
of spicules length. Cloacal lips slightly protruding. Bursa adanal. finely striated, 
rising just posterior to the proximal end of the spicules and extending beyond anus a 
60 
distance equal to about 2 anal body diam. Phasmids located near posterior ends of 
bursa. Tail elongate, straight or slightly curved ventrally or dorsally, tapering 
gradually to a rounded and slightly swollen clavate terminus. 
Type habitat and Locality: Soil collected from the rhizospheres of Peach (Prunus 
persica), Chaubatia, Ranikhet, Uttarakhand, India. 
Type Specimens 
Holotype female on slide Psilenchus prunicus sp. n./1; six females and five 
males (paratypes) on slide Psilenchus prunicus sp. n./2-5, deposited in the nematode 
collection of Department of Zoology, Aligarh Muslim University, Aligarh. 
Diagnosis and relationship 
Psilenchus prunicus sp. n. is characterized by elevated, conoid round, 
smooth lip region; lateral fields with four incisures, hemizonion distinct at the level 
of the base of basal bulb, elongate spermatheca, tail elongate with a rounded and 
swollen clavate terminus. 
The new species closely resembles P. hilarulus de Man, 1921, P. 
bahiablancae Doucet, 1996 and P. magni f cus Lal & Khan, 1990. Psilenchus 
prunicus sp. n. can be differentiated from the first related species in the shape of lip 
region (conoid-round vs round with a truncated appearance), in spicules length (27-
32 µm vs 21-24 µin). gubernaculum length (10 µm vs 5-9 µm), lateral fields (middle 
band wider than the lateral bands vs narrower than the lateral bands) and in cloaca 
(posterior cloacal lips without projections v.x with two distinct projections). From 
I'.hahiahlancac it differs in having smaller body (0.84-0.98 mm vs 1.1-1.5mm), 
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small a. b, and c values (a = 33.7-42.3 vs 45.7-70.2), (b = 6.7-7.4 vs 8.4-11.6) and (c 
= 5.9-6.5 vs 7.4-11.5) and in lateral fields (middle band wider than the lateral bands 
vs three bands of equal width). The new species further differs from P. magnificus in 
the body length (0.84-0.98 min vs 1.03-1.30). longer tail (c = 5.9-6.5 vs 7.6-8.7), 
higher c' value (9.2-11 vs 6.4 -7.5) and in the hyaline portion of tail (absent vs 
present). 
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Table 2: Measurements (in µm) of Psilenchus prunicus sp. n. Mean and S. 0. given 
in parenthesis 	 I 
Characters 1-lolotype female 
Paratyp e females 
(nó) 
Paratype males 
n (=5) 
L 932 8-15-980(919156) 821-970(895±74.5) 
a 42.3 33.7-42.3(37.!3.8) 33.5-43.2(38.4±4.9) 
b 7 6.7-7.4 (7.0}0.3) 6.4-7.1 (6.8±0.4) 
C 5.9 5.9-6.5 (6.3±0.3) 5.4-5.6 (5.510.1) 
c' 11.1 9.2-11.1(101±08) 8.6-9.4 (9.0±0.4) 
VII' 46.3 46.3-48.2 (47:0.9) 37.1-41.8 (39.5±2.4) 
Maximum body width 22 22.0-29.0 (25k2.9) 19-28 (23.5±4.5) 
Lip width 7 7.0 7.0 
Lip height 4 4.0 4.0 
Stylet 14 14-15 (14.3+0.5) 14-15 (14.5±0.5) 
Procorpus 70 60-70 (66.3±4.5) 63-65 (64±L0) 
Metacorpus 86 80-86 (83.7:2.6) 77-82 (79.5±2.5) 
Median bulb length 16 16-20 (17.331.9) 14-16 (15:1.0) 
Isthmus 31 28-31(30±1.4) 33-34 (335±0.5) 
Pharynx length 133 125-133 (130+3.6) 127-132 (129.5:2.5) 
Cardia 4 4.0 4.0 
Excretory pore from ant. end 82 82-110 (100+12.8) 104-112 (108+4-0) 
Nerve ring from ant. end 88 84-88 (86.7±1.9) 79-85 (82#3.0) 
Anterior gonad 237 174-237 (211±27.0) -- 
Posterior gonad 242 198-256(232±24.7) -- 
VBD 21 21-25 (22.7±1.7) -- 
Rectum 15 8-15 (11.5±3.5) -- 
Tail 156 130-156(146±11.4) 151-165(158±7.0) 
ABD 14 14-IS (14.3+0.5) 16-19(17.5±1.5) 
Phastnids from anus 20 15-36(26.5±4.0) 32-36 (34±2.0) 
Testis 
Spicules 
-- -- 305-393 (349±44.0) 
-- -- 27-32 (29.5±2.5) 
Guhernaculum -- -- t0 
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Fig 3. Psilenchus prunicus sp. n. A. Entire male, B. Entire female, C & D. Anterior 
region, E. Pharyngeal region, F. Lateral field, G. Female genital branch (posterior), It 
Female posterior region, I,J. Female tail, K. Male posterior region. 
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Fig 4. Psile,zclrus prunicus' sp. n. A. Anterior region showing stvlet, B. Lateral lines, C. 
Spermatheca. 1). Vulval region. E & F. Female tail terminus, G & H. Male 
posterior region sho Ing spicules and gubernaculum, I. Bursa (Scale bars = 20 
µm ). 
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Psilenchus aestuarius Andrassy, 1962 
(Figs 5. 6) 
1i4'easurements: In Table 3. 
Description 
Female: Body ventrally curved after fixation, thin, elongate, with anterior end 
slightly flattened; posterior end conical elongate. Cuticle with fine transverse 
striations. Subcuticle also striated. Lateral fields marked by six incisures, occupying 
about 1/3 of body width or 7-8 gm wide. The outer bands areolated and inner bands 
crenated. Amphidial apertures transverse, slit-like, at base of lateral lips. Lip region 
smooth and round to more or less conical, anteriorly truncate, about 5 pm heigh and 
9 pm in diam., continuous with body contour. Cephalic framework lightly 
sclerotized. Stylet delicate, devoid of knobs, more than two lip diam. in length. 
Orifice of dorsal pharyngeal gland located at 6-8 pm from base of stylet. Corpus 
cylindrical, narrow. median bulb ovoid, 15-20 pm long and 10-12 µm wide, 
muscular, with crecentic valves in the middle. Isthmus narrow and 26-45 µm long. 
Basal bulb small, pyriform, 19-24 pm long and 12-13 µm wide. Cardia large, 
hemispherical and submerged in the anterior end of the intestine. Nerve ring 
encircling isthmus in anterior half at 63-70% of pharyngeal length. Hemizonid 2 
annules wide just anterior to excretory pore. Deirids prominent, at the level of 
hemizonid. Excretory pore lies in isthmus region, located at about 74-82% of 
pharyngeal length. Hemizonion present, 1 annule wide at level of basal bulb. 
Intestine a straight tube, with narrow lumen; posteriorly forming lobe that overlaps 
the rectum and frequently found beyond the anus. 
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Reproductive system amphidelphic. ovaries outstretched. Anterior genital 
branch on right and posterior on left side of intestine. Ovaries with oocytes arranged 
in two or more rows. Oviduct straight or tortuous. Spermatheca set off by a sphincter 
from oviduct and a constriction from the quadricolumella. Uterus divisible into 
glandular and muscular parts. Vagina short, muscular. Vulva a transverse slit. Tail 
straight, posterior 57-85% part hyaline, tip rounded or slightly clavate. Phasmids 
distinct, 1.5-2.8 anal body diam. posterior to anus. 
Male: Body ventrally curved after fixation forming an open `C' shape. General 
morphology similar to that of females. Reproductive system monorchic, testis 
elongate and outstretched. Spicules slightly ventrally curved, 1.5-1.6 times anal 
body diam. long with broad and cephaleted head, narrow and long shaft. 
Gubernaculum small. 1/3rd of spicules length. Cloacal lips protruding. Bursa adanal, 
finely striated. Tail conical, straight, gradually tapering to a clavate terminus. 
Hyaline part forming 46-62 % of tail length. Phasmids distinct, 1.7-1.8 anal body 
diam. posterior to anus. 
Habitat and locality: Soil collected from roots of walnut (Juglans regia), Chaubatia, 
Ranikhet, Uttarakhand. 
Voucher specimens 
Five females and four males on slides Psilenchus aestuarius/l-5 deposited in 
the nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Remarks 
P ae.vivarius is a terrestrial species. it is widely distributed and has been 
reported from Hwngarv, Poland. the Netherlands. India and Belgium. This species is 
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characterized by smooth lip region, presence of post-anal intestinal sac and clavate 
tail terminus. The morphology and morphometric values of our population of P. 
aestuarius correspond well with those of described populations. The only difference 
is in the number and nature of lateral fields (6 crenated lines, outer bands areolated 
vs 4 lines, only outer ones weakly crenated). 
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Table 3: Measurements (in pm) of Psilenchu., aesluarius Andrassy, 1962. Mean and 
S.D. given in parenthesis 
Characters Females (n=5) 
Males 
(n=4) 
L 1019-1370(1215±108) 946-1019(980±33) 
a 33.5-37.6(36.2± 1.4) 37.8-43.1(40.5±2.3) 
b 7.2-8.2(7.6±0.4) 6.3 - 7.0 (6.6 ± 0.3) 
c 8.5-10.7(9.8±0.9) 6.8 - 7.3 (7.0 ± 0.2) 
C' 6 - 7 (6.6 ± 0.4) 6.5 - 7.3 (6.8 ± 0.3) 
V/T 47-51(49.5± 1.5) 38-45(42±2.8) 
Maximum body width 24 - 38 (33 ± 4.8) 22 - 26 (24.3 ± 1.5) 
Lip width 8-9  (8.8 ± 0.4) 8 - 10 (8.8± 0.8) 
Lip height 5 5 
Stylet 18-22(19.7±1.8) 15-18(16.8±1.1) 
Procorpus 80 - 90 (84.5 ± 3.3) 72 - 85 (80 ± 1.0) 
Metacorpus 100 - 108(104± 3.7) 87 - 103(96± 6.1) 
Median bulb length 15-20(18.2 ± 1.6) 10- 18(14.7 t 3.0) 
Isthmus 26 -45(37.7  ± 6.0) 32 - 40 (35.3 f 3.0) 
Pharynx length 155-168(162±4.7) 141-163(148±8.7) 
Cardia 5-6(5.8±0.4) 5-6(5.3±0.4) 
Excretory pore from ant. end 116 - 138 (126 ± 6.7) 106 - 116 (112 ± 3.7) 
Nerve ring from ant. end 103 - 118 (109 ± 5.0) 89 - 103 (97.5 ± 6.0) 
Anterior gonad 344 - 485 (398± 52) -- 
Posterior gonad 330-397 (361 ± 22) -- 
VBD 31 -38(34.6±2.9) -- 
Tail 112-151(134±15.5) 137-146(140±3.6) 
ABD 16-24(20.2±3.2) 20-21(20.5±0.5) 
Phasmids from anus 35-45 (37.7 + 3.5) 35 - 38 (36 ± 1.2) 
Testis -- 387-428(410± 15) 
Spicules -- 30-34(31.7± 1.5) 
Gubernaculum -- 10- 11 (10.3 ± 0.4) 
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Fig 5. Psilenchus uestuarius A. Entire female, B. Entire male, C. Anterior region, D. 
Pharyngeal region, E. Female genital branch (anterior), F. Pharyngeal region 
showing hemizonid, excretory pore, and dierids, G. Lateral field, H. Female posterior 
region, 1. Male posterior region, J. Spicules and gubernaculum. 
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Fig 6. Psileru•hu.c uestuuriris A. Anterior region shop%ing stylet. 13. Anterior region shoN%ing 
amphidial apertures. C. Vulval region. 1). Lateral lines, E. Post-intestinal extension, 
F. Female posterior region, G & H. Male posterior region (Scale bars = 20 pin). 
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Suborder Criconematina Siddiqi, 1980 
Diagnosis: Exclusively root-parasitic. Well marked sexual dimorphism present; 
males slender, lack a stvlet or have degenerate one. Body of females vermiform, 
sausage-shaped or rarely obese. Usually under I mm (smallest 0.1 mm) long. Cuticle 
either thin and finely annulated or thick and coarsely annulated; in latter case may 
have retrorse annules, scales, spines, or an extra cuticular body sheath. Lateral fields 
present or absent. Deirids absent except in juveniles of some Tylenchuloidea. 
Phasmids absent. Cephalic region smooth or usually with one to three coarse 
annules; framework hexaradiate, with light to heavy sclerotization. Oral aperture 
dorsoventrally oval or slit-like, often appearing I-shaped due to the presence of two 
lateral liplets. Six lip areas. may be fused to form a labial disc. Stylet long or short, 
but shaft always about 8-10 gm long. Basal knobs well-developed; large knobs may 
characteristically be anchor-shaped. Orifice of dorsal gland at about 3 µm or more 
from base of stylet. Oesophagus criconematoid: corpus enormously developed, 
broad-cylindroid with muscular postcorpus amalgamated with precorpus; isthmus 
either slender and offset from basal bulb (TylenchuIoidea), or broad and 
amalgamated with it (Criconematoidea, Hem icycliophoroidea); basal bulb small, 
containing three oesophageal gland nuclei. Oesophago-intestinal valve (cardia) 
small. usually indistinct. Nerve ring circum-oesophageal. Excretory pore 
oesophageal or post-oesophageal; excretory system may produce gelatinous matrix 
in which eggs are deposited. Intestine syncytial, lacking a definite lumen, often 
appears as a solid mass. which may extend into tail cavity; junction with rectum 
indistinct. Rectum obscure, short. Anus a small round pore, rarely absent. 
Monodelphic, prodelphic. Vulva transversely oval or slit-like, located posteriorly, 
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generally at more than 85°o of body from anterior end. Vagina anteriorly directed. 
Postvulval uterine sac absent. Spermatheca small, offset. Uterus with a muscular 
part and a glandular crustatornneria, may be very thick-walled. Male monorchic. 
gonoduct usually filled by minute round or amoeboid sperm, which are olten 
produced at one stage near the final moult; testis usually obliterated in adult. Bursa 
weakly developed or rarely enveloping tail tip or absent in several groups 
(Tylenchulidae, Sphaeronematidae, most Paratylenchidae). Spicules setaceous, often 
very long, straight, arcuate, U- or hook-shaped. Gubernaculum simple, linear or 
crescent-like in lateral view, fixed. Cloacal lips narrow, sometimes drawn out as a 
penial tube. Hypoptygma single, rarely double (Tylenchocriconema), or absent 
(Tylenchulus). Females and most juveniles obligate root ectoparasites, rarely females 
in some "l'ylenchuloidea may secondarily become endoparasitic. 
Type Superfamily: 	Criconematoidea Taylor, 1936 (1914) 
Other Superfamilies: Hemicycliophoroidea Skarbilovich, 1959 
Tylenchuloidea Skarbilovich, 1947 
Superfamily Criconematoidea Taylor, 1936 (1914) 
Diagnosis: Small-sized (seldom over 0.8 mm), showing marked sexual 
dirmorphism. Females and juveniles sausage- to spindle-shaped with thick cuticle 
and coarse retrorse annules (annules secondarily rounded in females of 
Ilemicriconemoidinae and some Criconematinae), with or without scales, spines and 
other configurations; mates vermiform with not so thick cuticle and annules always 
rounded and a degenerate oesophagus hardly showing any structure. Lateral fields 
with incisures in males, absent in juveniles and females. Cephalic region of juveniles 
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and females with one or two annules, an indistinct labial disc bearing 1-shaped oral 
aperture surrounded by six pseudolip areas, with or without submcdian lobes; no 
sensory papillae or pits on surface; in males cephalic region usually continuous, 
rounded and striated, and framework not appearing in lateral view as `spectacle 
mark'. Stylet well developed in juveniles (exceptionally absent in some stages) and 
females. Conus markedly longer than shaft, latter usually about 10-12 µm long, 
basal knobs prominent, appearing anchor-shaped. Orifice of dorsal oesophageal 
gland 3-6 µm behind stylet base; stylet absent in males. Juveniles and females with 
well-developed criconematoid oesophagi, precorpus broad, posteriorly expanded and 
continued into a slightly broader, very muscular, posteorpus having large, elongated 
refractive thickenings; the two parts forming a broad cylindrical muscular corpus 
filling the body width. Isthmus short, broad and amalgamated with a small reduced 
basal bulb offset from intestine and containing the three oesophageal glands. A small 
non-cellular cardia may be present. Excretory pore at, or behind, base of 
oesophagus. Intestine syncytial, lacking lumen. Vulva far posterior, ovary anteriorly 
outstretched. Postvulval uterine sac absent. Male develops by metamorphosis within 
a sausage-shaped juvenile. Testis degenerate in adult; gonoduct packed with 
ntunerous, very small, round sperms produced at one stage of development. Spicules 
elongate-setose, almost straight to arcuate, proximally cephalated and distally 
pointed; goberrraeulum simple, fixed. Male tail short; bursa low, adanal, subterminal 
or terminal, occasionally absent. Juveniles lack a body sheath. Ectoparasitcs of roots, 
males and some juveniles incapable of tissue feeding. 
Type Family: Crieonematidac'l aylor, 1936 (1914) 
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Family CriconematidneTaylor, 1936 (1914) 
Diagnosis: Small nematodes, rarely longer than 0.5 mnt, females and juveniles 
sausage- or spindle-shaped with thick cuticle and retrose annules. males slender. 
vermiform with thin cuticle and fine annulations_ Cuticle of females and juveniles 
may be provided with outgrowths; scales, spines or other prolongations. Lateral field 
present in males only. Cephalic region with indistinct labial disc and often with 
submedian lobes. Stylet well developed, knobs large, anchor-shaped. Oesophageal 
procorpus broad, posteriorly expanded, bulb-like; isthmus short, broad and 
amalgamated with basal bulb. Intestine devoid of lumen. One prevulval ovary, vulva 
far posterior, no postvulval uterine sac. Males without stylet and with reduced 
alimentary tract. Testis one. Spicules elougate-setose, straight or arcuate; 
gubernaculum simple, fixed. Male tail short; bursa small, rarely absent. 
Type subfamily: 	Criconematinac Taylor, 1936 (1914) 
Other subfamilies: 	Hemicriconemoidinae Andrhssy, 1979 
Macroposthoniinae Skarbilovich, 1959 
Subfamily Hemicrkonemoidinae Andrassy, 1979 — 
Diagnosis: Female; Body enclosed in a cuticular sheath, attached to it at head, 
vulva and sometimes tail tip. Annules on body and sheath equal in number, round or 
occasionally retrorse, lacking scales, spines or other appendages; sheath annules 
often flattened, sometimes with scratches, but lacking lateral fields. Stylet and 
oesophagus typical of the family. Tail end conoid or rounded. 
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Male: Body sheath absent. Lateral field usually with four incisures. Cephalic region 
rounded or conoid-rounded. Bursa low, subterminal, almost terminal, or absent. 
Spicules slender, ventrally arcuate, 
Juveniles: No body sheath. Annules with scales which are smooth, dentate or spined ✓  
and arranged usually in alternating rows or irregularly. 
Type Genus: Hemicriconemoides Chitwood & Birchficld, 1957 
Genus Henricriconenroides Chitwood & Birchfield, 1957 
Diagnosis: Female elongate-cylindrical, with double cuticle; outer one sheath-like, 
attached to body at head, vulva and sometimes at tail tip; annules of sheath and body 
round and flat, or rarely retrorse; lacking scales, spines or other appendages; 50-158 ' 
in number, with or without lateral grooves. Female cephalic region with two, rarely — 
three annules, continuous or offset, variable in shape. Pseudolips inconspicuous, 
submedian lobes absent or rarely present. Stylet elongate, with anteriorly cupped 
knobs appearing anchor-shaped (rarely spheroidal). Vulva open or closed, with or 
without lateral cuticular flaps. Female tail variable, bluntly rounded to pointed. 
Males usually with four incisures in lateral field, cephalic region rounded or conoid-
rounded, tail conoid to subcylindroid and bursa, when present, low subterminal or 
terminal (absent in type species). Spicules setose, arcuate. Gubemaculum simple, 
small. Juveniles with single cuticle, with smooth, dentate or spined scales, arranged 
in longitudinal, usually alternating rows, or irregularly on body, rarely without 
scales or spines; stylet knobs anchor-shaped. 
Type species: Hemicriconemoides wessoni Chitwood & Birchfield, 1957 ✓  
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Hemicriconemoides reflexus sp. n. 	 -  
(Figs 7, 8) 
aIeasurentancs: In "fable 4. 
Description 
Female: Body curved ventrally when relaxed, tapering towards extremities, 
posteriorly terminating as widely conical tail with finely rounded terminus. Cuticular 
sheath more or less closely appressed along entire body more close on anterior part, 
may or may not be well separated on tail. Annulation distinct on both cuticular 
layers. Body annules smooth and flattened, 4-5 µm apart at midbody. Anastomoses 
present in one specimen. Lip region rounded, slightly offset 5µm high, 12-14 pm 
wide. Lip annules two, first annule smaller than second. Oral disc depressed, 
concave. Cephalic framework moderately sclerotized. Amphidial apertures 
indistinct. Stylet well-developed; metenchium slender, 82-85 % of stylet length 
long; telenchium 8-10 pm long. Basal knobs of stylet anchor-shaped, 3µm long and 
7-8 pm wide. Dorsal pharyngeal gland opening 5-7 µm posterior to stylet knobs. 
Pharynx 81-90 µm long. Prometacorpus muscular, 81-86 % of pharynx; 13-17 µm 
wide with 7-9 pm long valve plates. Isthmus 2-3 pm long. Basal bulb saccate, 12-14 
pm long and 8-9 pm wide. Cardia very small and rounded. Nerve ring encircling the 
isthmus and 81-86 % of pharynx length. Excretory pore prominant, usually 6-12 
annules posterior to pharynx. I-Iemizonid just anterior to or one annule anterior to 
excretory pore, one annule wide. 
Reproductive system monoprodelphic, ovary reflexed at tip. Oocytes 
arranged in double row at tip and posteriorly in single row. Vulva a transverse slit, 
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leads to a slightly curved, narrow vagina. The anterior end of uterus offset into an 
almost spherical spermatheca. tilled with rounded sperms. Vulva with large lateral 
flaps about 2 annules long. Anus and vulva usually separated by one annule. Anal 
opening usually discernible. "Tail widely conical tapering uniformly and ending with 
a rounded tip. 
Male: Body cylindrical, vermiform, ventrally arcuate upon fixation, tapering at each 
end. Body cuticle single, finely striated, becoming coarser at mid body. Lip region 
rounded, continuous with body. Stylet absent, pharynx degenerate. Hemizonid and 
excretory pore not discernible. Lateral fields starting close to cephalic region, 
marked by four incisures. Spicules slender and slightly curved ventrally. 
Gubernaculum small and simple. Bursa reduced, margins crenate. Tail conoid with a 
pointed terminus. 
Type habitat and locality: Soil collected from the rhizospheres of Peach (Prunus 
persica), Chaubatia, Ranikhet, Uttarakhand, India. 
Type specimens 
Holotype female on slide Hemicriconemoides reflexus sp. n./1; nine females 
and one male (paratypes) on slide Hemicriconemoides reflexus  sp. n./2-3, deposited - 
in the nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
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Diagnosis and relationship 
Ifemicriconemoides reflexus  sp. n. is characterized by depressed oral disc, 
two lip annules. ovary with a flexture, widely conical tail with rounded terminus and 
presence of lateral cuticular vulval flaps. 
The new species closely resembles 11. brachyurus (Loos, 1949) Chitwood & 
Birchfield, 1957 and H. cocophillus (Loos, 1949) Chitwood & Birchfield, 1957. The 
new species can be differentiated from both the related species in structure of ovary 
(reflexed vs outstretched). It further differs from H. brachyurus in tail shape (widely 
conical with rounded tip vs bluntly rounded to hemispherical) and size of spicules 
(18 pm vs 28 - 34 µm). Further differences from H. cocophillus are in the shape of 
lip region (rounded vs truncated); in oral disc (depressed vs raised); tail (widely 
conical ending in a finely rounded tip vs convex-conoid to attenuated); in the size of 
spicules (18 µm vs 28 — 36 µm) and in bursa (present vs absent). 
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Table 4: Measurements (in µm) of Hemicriconemoides reflexus sp. n. Mean and t J 
S.D. given in parenthesis. 
Characters Holotype female 
Paratype females 
n=9) 
Paratype male 
(n= I) 
L 
a  
401 3S9-442(409±17)   422 
 13.4 13.3- 15.2(14.1 t 0.5) 26.4 
b 4.7 4.4-5.3(4.7±0.2) -- -- 
c 14.3 14.2-17.0(15.0- 0.9) 19.2 
C .4 I.I-1.4(1310.1) 2.2 
V 92 91-93(92±0.4) - 
V 33 26-35(31.4±2.5) -- 
VWVa  1.5 1.1-1.5(1.3±0.)) -- 
Maximum body width 
Lip width 
30 	28 -30(28.7±0.8) 16.0 
13 12-14 (12.7±0.7) -- 
Lip height 5 5-6(5.1±0.3) -- 
Stylet 51- 56(53.6± 2.3) -- 
Procorpus 70 -74 (71.5 f t.4) -- 
Pharynx 70-90(85.5 ± 2.8) - 
Pharynxbasetogonad 
055 
75.142(108±21.1) -- 
Excretory pore from ant. end  103 - 120 (1121 5.6) 
Nerve ring front ant. end  70 - 75 (72 f 1.6) 
Medianbulb(width) 
8 
13-17(14+1.7) -- 
-- Basal Bulb (width) 8-9 (8.5 ± 0.5) 
Hemizonid Ill 101-Il8(110±5.5) -- 
Anterior gonad 187 170- 202 (I X3 ± 12) -- 
Vulval body dlameler 21 21-26(23.7 1 1.5) -- 
Testis -- __ -- 
Tail 28 25-31(27.3 ± 2.3) 22.0 
ABD 20 20-24(21 t 1.32) 10.0 
Spicules -- -- 18,0 
Gubemaculum  __ 7,0 
RSt 
ROes 
105 
15 
24 
100- 107 
13-15 
20-24 
-- 
-- 
-- 
R hem 32 28-32 -- 
Rex 	-.. 33 29-33 -- 	- 	- 
RV 
Ran 
I0 8-10 -- 
9 7-9 
R Van I 0-I -- 
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Fig 7. Hemicriconemoides reflexus sp. n. A. Entire female, B. Entire male, C. 
Pharyngeal region, D. Female reproductive system, E. Female posterior region, F. 
Cuticle showing anastomoses, G. Male posterior region. 
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Fig 8. Ilemicriconemoicles refle.rus sp. n. A. Anterior region silo\% ing st\ let and pharynx. B. 
Anterior region shin\ ing labial disc. C. Lateral lines (male). 1). () ar\ sho« ing anterior 
flexure. E. Cuticle silo\%ing anastomoses, F. Female posterior region, G. Male anterior 
end. II. Male posterior region (Scale bars = 20 µm). 
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Order Rhabditida Chitwood, 1953 
Diagnosis: Lips three or six, rarely four in number. Amphids on the lateral lips, 
pore-like, rarely circular or slit-like and rarely post-labial. Stoma prismatic, longer 
than wide, composed of three basic elements viz., cheilostom, gymnostom and 
stegostom. Stegostom with denticles or well-developed teeth or fine warts. Pharynx 
with either median or terminal valvular bulb. Excretory system consisting of a 
double collecting canal connected to a common duct. Intestine with wide lumen. 
Three rectal glands generally present. Female reproductive system amphidelphie or 
monodeiphic, if monodelphic then prodelphic. Males with paired genital papillae. 
Bursa may be present or absent, if present always having papillae. Spicules 
occasionally fused distally. Phasmids distinct. 
Type suborder: 	Rhabditina Chitwood, 1933 
Other suborders: 	Cephalobina Andrassy, 1974 
Diplogastrina Micoletzky, 1922 
Teratocephalina Andrassy, 1974 
Suborder Rhabditina Chitwood, 1933 
Diagnosis: Cuticle usually striated. Lip margins smooth, exceptionally notched. Lips 
three or six, rarely four. Labial sensilla papilliform or setose. Amphids small, pore-
like, on lateral lips; rarely large, circular or post-labial. Stoma prismatic, always 
longer than wide. Cheilostom generally not cuticularized; gymnostom and stegostom 
fused to form stomal tube. Stegoslom surrounded by a thin pharyngeal collar. 
Metastegostom usually with three swellings each hearing 1-3 or more small teeth or 
denticles. Telostegostom short, continuing into pharyngeal lumen. Pharynx with three 
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distinct parts: corpus, isthmus and basal bulb; corpus cylindrical or somewhat swollen 
proximally without valve plates; isthmus a narrower bridge between corpus and bulb. 
Terminal bulb muscular, glandular with distinct valve plates (grinders). Excerotery 
pore in posterior region of pharynx. Intestinal lumen usually wide. Three rectal 
glands generally present. Female reproductive system mostly didelphic, 
ampltldelphie, rarely monodelphic. prodelphic. Vulva equatorial or post-equatorial. 
Ovary/ies reflexed, Spicules separate or fused distally; gubernaculum present. Bursa 
usually well-developed: peloderan, pseudopeloderan or leptoderan, rarely reduced; 
with seven to nine pairs of tubular genital papillae. Bursal edges open or closed 
anteriorly. Tail in both sexes similar or female tail longer. Phasmids tubular, usually 
distinct. 
Type superfamily: 	Rhabditoidea Orley, 1880 
Other superfamilics: Alloioncmatoidea Chitwood and McIntosh, 1934 
Bunonematoidea Micoletzky, 1922 	- 
Superfamily Rhabditoidea Orley, 1880 ✓  
Diagnosis: Lip region offset or continuous with adjoining body. Lips usually six. 
Stoma tubular or prismatic, longer than wide. Cheilostom occasionally cuticularised; 
gymnostom and stegostom cuticularised, latter surrounded by pharyngeal tissue, 
Metastegostom with three swellings, each bearing small warts or denticles; 
telostegostom short. Pharyngeal corpus often swollen proximally. Female 
reproductive system didelphie, amphidelphic or mono-prodolphic. Spicules separate 
or fused distally. Bursa present, generally well-developed, rarely reduced. 
Type family: 	Rhabditidae Orley, 1880 
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Other families: 	DiploscapteridaeMicoletzky, 1922 
Odontorhabditidae Paramonov, 1964 
Rhabditonematidae Andrdssy, 1976 
Family Rhanditidae Orley, 1880 
Diagnosis: Lip region generally with six distinct lips, rarely three lips in doublets. 
Stoma tubular or prismatic, usually three times longer than wide. Cheilostom 
occasionally cuticularised. Gymnostom cuticularised; stegostom surrounded by 
pharyngeal collar. Metastegostom with three swellings bearing warts or selose 
denticles. Pharyngeal corpus often swollen. Female reproductive system didelphic- 
amphidelphic or mono-prodelphic. Ovaries reflexed. Spicules separate or fused 
distally. Bursa mostly well-developed, peloderan or leptoderan, rarely rudimentary. 
Genital papillae generally seven to nine pairs. Tails of both sexes similar or of male 
shorter. 
Type subfamily: 	Rhabditinae Orley, 1880 
Other subfamilies: 	Ahlechroiulinae Andrassy, 1976 - 
Amphidirhabditinae Andrassy, 1976 
Mesorhabditinae Andrassy, 1976 - 
Peloderinae Andrassy, 1976 	- 
Protorhabditinae Dougherty, 1955 
Stomaehorhabditinae Andrdssy, 1970 - 
Subfamily Rhabditinac Orley, 1880 
Diagnosis: Ups usually amalgamated, rarely separate, mostly with small papillae. 
Amphids generally pore-like, on lateral lips: rarely large and post-labial. Stoma well- 
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developed, tubular, rarely short. Cheilostom not cuticulariied; metastegostom bearing 
minute warts or setose denticles. Pharyngeal collar mostly present around stegostom. 
Pharyngeal corpus strongly or weakly swollen at proximal end. Female reproductive 
system didelphic, amphidelphic. Vulva nearly equatorial. Spicuies always separate. 
Bursa leptoderan, not reaching tail tip, open, rarely closed anteriorly, occasionally 
rudimentary. Genital papillae eight or nine pairs. Tail of female conical, cupola-
shaped or spicate, that of male mostly similar in shape and length. 
Type genus: 	Rhabditis Dujardin, 1845 
Other genera: Colporhabditis Andrassy, 1976 
Curviditis (Dougherty, 1953) Andtassy, 1983 
Cuticularia Van Der Linde, 1938 . 
Discodilis Andrassy, 1983 - 
Metarhabditis Tahseen et al.. 2004 - 
Oscheius Andrassy,1976 
Poikilolaimis Fuchs, 1930 
Rhabdirella (Cobb. 1929) Chitwood, 1933 - 
Rhiti.s Andrassy, 1982 - 
Genus Melarhabdiris Tabseen, Hussain, Tomar, Shah & Jairajpuri, 2004 
Diagnosis: Body slender, slightly ventrally curved. Cuticle transversely and 
longitudinally striated. Lateral fields inconspicuous. Lip region slightly setoff from 
adjoining body, lips globular, grouped in doublets forming three sectors around 
triangular oral aperture. Stoma with inconspicuous cheilostom; gymnostom about 
half of stoma) length. Metastegostom with a cluster of knobbed, setose denticles on 
each plate. Pharyngeal collar surrounding posterior half of stoma. Pharynx with 
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remarkably weak, uniformly cylindroid corpus, narrow isthmus and round, basal 
bulb. Female reproductive system amphidelphic, vulva equatorial. Male 
reproductive system devoid of ejaculatory glands. Spicules stout with free dorsal 
arm; gubernaculum an ovoid curved plate. Bursa pseudopeloderan, bursal papillae 
eight pairs. Female tail long, liliform. Male tail conoid with terminal spike and 
copulatory muscle bands. 
Type species: Metarhabditis andrassyana Tahseen et al., 2004 
Metarhabditis indica sp. n. 
(Figs 9, 10) 
Measurements: In Table 5. 
Description 
Female: Body straight or slightly arcuate, tapering at both extremities, more towards 
posterior end. Cuticle with fine transverse and longitudinal striations and very fine 
punctations. Lateral lines inconspicuous. Lip region slighlty offset from adjoining 
body. Lips, slightly expanded, in doublets forming three sectors. Stoma rhabditoid 
type, moderately cuticularised, 2.2-2.7 lip diam. long. Pharyngeal sleeve 
surrounding 50-55% of stoma. Cheilostom not sclerotised, inconspicuous; 
gymnostom smaller than stegostom. Metastegostom isomorphic with each plate 
bearing 4-5 knobbed, setose denticles. 'l'clostegstom isoglottoid. Pharynx 
differentiated into anterior uniformly cylindrical corpus, slightly narrower isthmus 
and a pyriform basal bulb with distinct grinder. Pharyngeal corpus 1.2-1.3 times 
longer than isthmus and basal bulb together. Nerve ring at 68-71% of pharyngeal 
length. encircling isthmus near its middle. Excretory pore anterior to basal bulb, 
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about 73-82% of pharyngeal length. Cardia short conoid, 4 .tm long. Intestinal cells 
with large nuclei, lining of intestinal lumen thick, refractive. Rectum 1.3-1.7 times 
anal hod y diam. long provided with three rectal glands at its junction with intestine. 
Reproductive system amphidelphic. Ovaries ell developed, dorsally 
reflexed: anterior ovary on right and posterior on left side of intestine. Oviduct 
proximally connected to offset, ovoid spermatheca containing sperms. Intra-uterine 
eggs one to ten, in different stages of embryonation. Vagina thick-walled at right 
angles to longitudinal body axis, about 1/3d of vulval body diam. long. Vulva a 
wide transverse slit, with epiptygma and distinct cuticular flap. Tail elongate conoid 
with pointed terminus. Phasmids located about 1.2-1.3 anal body diam. posterior to 
anus. 
Male: Similar to female in general morphological characters. Testis single, reflexed 
ventrally, located on right side of intestine. Vas deferens a broad tube without 
demarcation of seminal vesicle. Spicules robust with round capitula and prominent 
ventral and dorsal arms, 1.8-2.0 times anal body diam. long. Gubernaculum curved, 
plate-like, 46-48% of spicule length. Tail spicate. Bursa well developed, open 
pseudopeloderan type, leaving small tail spike free. Bursal cuticle transversely 
striated. Genital papillae eight pairs in 1+1/1/3+2+P configuration. GP1 and GP2 
spaced, precloacal; GP3 adcloacal: out of five post-cloacal pair GP4, GPS and GP6 
relatively close with GP5 dorsally oriented; GP7, GP8 closely placed with former 
pointing dorsally. Phasmids very narrow tubes opening at terminal end of bursa. 
7ype habitat and locality: Soil around the rhizospheres of pine (Pinus roxburghii) 
trees. Almora, t ►ttarakhand. India. 
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Type specimens 
l lolotype female on slide Metarhabditis indica sp. n./1; eight females and 
five males (paratypes) on slides t 1eiarhanditis indica sp. n./2-5 deposited in the 
nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Diagnosis and relationship 
Metarhabditis indica sp. n. is characterized by fine transverse and 
longitudinal striations and very fine punctations on cuticle. Metastegostomal plate 
bearing 4-5 knobbed, setose denticles; cylindrical corpus, males with robust 
spicules, bursa open, pseudopeloderan and genital papillae in 1+1/1/3+2+P 
configuration. 
Metarhabditis indica sp. n. resembles M. andrassyana Tahseen el al., 2004 
in most morphological characters but differs from it in having relatively smaller a 
value (13.7-18.9 vs 20-26), slightly smaller b value (3.8-4.0 vs 4.1-5.1) in 
females and having more posterior position of vulva (V= 66-69% vs V= 48-52%), 
longer spicules and gubernaculum (42-43 µm vs 31-39 µm & 20 µm vs 15-18 µm 
respectively). 
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Table 5: Measurements (in µm) of Metarhabditis indica sp. n. Mean and S.D. given 
in parenthesis. 
Characters Elolotype female 
856 
Paratype females 
(n = 8) 
Paratype males 
(n = 5) 
L 824-869(843±20) 855-957(886±37) 
a 16 13.7-18.9(16.9±2.2) 19.9-25.2(23.3± 1.9) 
b 3.8 
7.3 
3.8--4.0(3.9±0.1) 4.1 -4.6(4.4±0.2) 
c 6.9-7.3(7.1±0.2) 21.5-26.2(24.0± 1.9) 
c' 5.9 5.9-6.7(6.3±0.4) 1.5-2.0(1.7±0.2) 
V 69 66.4 - 69.0 (67.8 ± 1.2) -- 
Maximum body width 53.5 43.6 - 63.4 (51.0 ± 8.2) 34.7 - 44.6 (38.4 ± 4.3) 
Lip width II 9- 11 (10 ± 0.8) 9 -10 (9.5 t 0.5) 
Lip height 4 4.0 3 - 4 (3.4 f 0.5) 
Length of stoma 24 24.0 22-23 (22.5 ± 0.5) 
Corpus 128 114-129(123±6) 115-121(117±2.4) 
Isthmus 64.4 58.4 - 69.3 (63 ± 4.3) 55.4 -61.4 (58.4 ± 2.5) 
Basal bulb length 32.7 32.7 - 33.7 (32.9 f 0.4) 29.7 - 32.7 (30.9 ± 1.5) 
Pharynx length 225 205 - 232 (219 t 10) 198-208 (204 ± 3.8) 
Excretory pore from ant. end 171 170 - 176 (173 f 3.0) 160 - 182 (135 ± 68) 
Nerve ring from ant. end 152 139-156(150±7) 137-145(141±3.2) 
Card ía 5 5.0 4 - 5 (4.5 ± 0.5) 
Basal bulb width 28.7 25.7-31.7 (28.7 ± 2.1) 21.8- 24.8 (23.6 t 1.2) 
Anterior gonad 272 223 - 292 (267 ± 27) -- 
Posterior gonad 252 173 - 287 (234 ± 42) 
VBD 54 44-64(55±8) -- 
Vulva-anus distance 148 149-158(153±4) -- 
Rectum 28 23.8-29.7(26.9± 2.1) 24.7-27.7(26.1 t 1.3) 
Tail 119 117- 119(118± 1) 32.7-44.6(37.2±4.3) 
ABD 19.8 17.8-19.8(18.8± 1.0) 20.8-22.8(22.0±0.7) 
Testis -- -- 468 - 545 (495 ± 28) 
Spicules -- -- 42 - 43 (42.4 ± 0.4) 
Gubernaculum -- -- 20.0 
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Fig 9. Metarhabditis indica sp. n. A. Entire female, B. Entire male, C. Anterior 
region, D. Pharyngeal region, E. Female genital branch (anterior), F. Female 
posterior region. G. Male posterior region, 1-1. Spicules & gubernaculum. 
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Fig 10. .1 Ie!rhand[!LT 1ndtikU sp. n. A. Stoma. B. Phar\ ngeal region shop% ing excretory 
pore, C. Vul'al region (dorso entral), 1). Vul al region (lateral), E. Female 
posterior region , 1. & G. Spicules and gubernaculum. H. Bursa showing genital 
papillae (Scale bars = 20 µm). 
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Genus Rhabditella (Cobb, 1929) Chitwood, 1933 
Diagnosis: Body length varying from 0.6 to 2.9 mm. Cuctile finely annulated. Ilead 
not or slightly offset lips hardly separate with minute papillae. Amphids quite small, 
on the lateral lips. Stoma long, encircled by a tall oesophageal collar, stoma 1.5 to 
3.8 head diam long. Cheilostom not cuticularized, gymnostom with parallel walls. 
Stegostom iso-or anisoglottoid, with very small denticles. Oesophagus with bulb-
like medial swelling and large terminal bulb. Female genital organs paired, vulva 
equatorial or pre-equatorial in position. Spicules free with large dorsal projection. 
Bursa leptoderan, very narrow, rudimentary. Number of genital papillae nine pairs. 
Tail in both sexes long. Finely pointed. Phasmids recognizable. 
Type species: Rhabditella leptura (Cobb, 1929) Chitwood, 1933 
Rhabditella garh wall sp. n. ✓  
(Figs 11, 12) 
Measurements: In Table 6. 
Description 
Female: Body small, almost straight or slightly curved upon fixation, tapering 
slightly anteriorly but more posteriorly. Cuticle with fine transverse striations. 
Lateral fields with two lines, occupying 1)7-1/R body diam., beginning at base of 
median bulb, extending up to anus. Lip region continuous, with six conical and 
separate lips, labial and cephalic sensillae short. Amphidial apertures indistinct. -' 
Stoma tubular, about three lip diam. long. Cheilostom weak, gymnostom short and 
metastegostom with two denticles on each plate. Pharyngeal collar present, 
enveloping more than half of stoma length. Pharynx rhabditoid, about one-fifth of 
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total length of nematode, pharyngeal corpus muscular, 49-55% of pharyngeal length, 
with cylindrical procorpus and swollen, bulb-like metacorpus; isthmus relatively 
robust and terminal bulb ovoid with distinct grinder. Nerve ring at 73-80% of neck 
length. encircling isthmus in its anterior half. Excretory pore located in the isthmus 
region or at 77-89% of oesphageal length. Cardia conoid, about 8-12 µm long. 
Intestine wide with well-defined lumen, intestinal cells granular with distinct nuclei. 
Reproductive system amphidelphic, both genital branches well developed; 
anterior branch on right and posterior branch on left side of intestine. Ovaries 
dorsally reflexed, with oocytes arranged in two or more rows. Oviduct very short; 
spermatheca oblong, separated from oviduct and uterus by constriction. Uterus more 
or less tubular, demarcated into glandular and muscular parts. Vagina thin-walled, 
extending inwards about less than half of corresponding body diam. Vulva a 
transverse slit, lips slightly protruding, with clear dilator muscles. Rectum tubular, 
with wider lumen at proximal portion, 1.2-1.7 times anal body diam. long. Phasmids 
distinct, 1.9-2.3 anal body diam. posterior to anus. Tail long filiform, 0.8 — 1.0 times 
vulva-anus distance long. 
Male: Similar to female in general morphology except for smaller body and greater 
ventral curvature in posterior region. Testis monorchic, reflexed ventrally, on left 
side of intestine. Spicules large, robust, slightly arcuate, about 1.2-2.1 anal body 
diam. long. Gubernaculum massive and broad 67-88% of spicules length. Bursa 
leptoderan, reduced, with nine pairs of genital papillae: three pairs pre-cloacal and 
six post-cloacal (1+2/1+4+1), with GP4 shorter than others. Cloacal lips slightly 
projected. 'Tail in two parts; a short conoid part and a long Filamentous part. 
Phasmids not discernible. 
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Type habitat and locality: Soil collected from rhizospheres of Kinnow (Citrus 
reticulata) plants from Selakui soil conservation farm. Dehradun, Uttarakhand, 
India. 
Type specimens 
Holotype female on slide Rhabditella garhwali sp. n./l; eight females and 
eight males (paratypes) on slides Rhabditella garhwali sp. n./2-6 deposited in the — 
nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Diagnosis and relationship 
Rhabditella garhwali sp. n. is characterized by having fine transverse 
annules. Lateral fields with two incisures. Stoma straight, metastegostom with two 
denticles on each plate. Pharynx with distinct median bulb. Males with robust 
spicules about 1.2-2.1 anal body diams long. Gubernaculum broad, about 67-88 % 
of spicule length. Bursa leptoderan, reduced, bearing nine pairs of genital papillae. 
Rhabditella garhwali sp. n. closely resembles R. axei (Cobbold, 1884), 
Chitwood. 1933, R. octopleura (Steiner, 1929) Chitwood, 1933 and R. typhae 
Kiontke, 1999 in general morphometrics. However, it can be differentiated from R. 
axei in having larger a value in males (29.4-34.0 vs 20.4-28.2) and in the number of 
lateral lines (two vs four). From R. octopleura it differs in having a longer 
gubernaculum (30-35 pm vs 21-28 pm) and in the arrangement of genital papillae 
(1+2/1+4+1 vs 1+2/1+3+1  + 1). Rhabditella garhwali sp. n. also differs from R. 
typhae in the shape of stoma (straight vs sigmoid), number of lateral lines (two vs 
four), shape and size of gubernaculum (broad vs narrow, 30-35 pm vs 13-21 pm) 
and in the arrangement of genital papillae (142/1 4 f I vs 1+2/1  +3+1+1)Y 
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Table 6: Measurements (in µm) of Rhabditella garhtivali sp. n. Mean and S.D. given 
in parenthesis. 
Characters Ilolotype female 
Paratype females 
(n = 8) 
Paratype males 
(n=8)  
L   857 } 	842-1103(938±95) 787-1010(875±75) 
a 28.8 
5.3 
25.6-29.3(28.1 ± 1.3) 29.4-34.0(31.8± 1.9) 
b 4.5 - 5.7 (5.2 ± 0.5) 4.7 - 5.6 (5.2 ± 0.4) 
c 4.7 3.5 - 4.7 (4.0 ± 0.4) 3.5 - 5.2 (4.3 ± 0.7) 
c' 12.3 12.3-16.0(14.0±1.3) 5.9-10.8(8.6±1.8) 
V 46.3 43 - 52 (45.3 ± 3.5) -- 
Maximum body width 29.7 29.7 - 37.6 (33.5 ± 3.2) 24.8 - 29.7 (27.5 ± 1.9) 
Lip width 10 8 - 10 (9 ± 0.8) 6 - 8 (7 ± 0.7) 
Lip height 2 2 2 
Length of stoma 26.7 23.8 - 29.7 (26.7 ± 1.9) 22.8 - 29.7 (25.2 ± 2.4) 
Corpus 89 84 - 104 (94 ± 7.0) 79-99(89 ± 6.3) 
Isthmus 44.6 44.6 - 59.4 (55.0 ± 5.9) 39.6 - 59.4 (49.5 ± 6.3) 
Basal bulb length 29.7 29.7 - 37.6 (34.5 ± 2.6) 29.7 - 34.7 (31.7 ± 2.4) 
Pharynx length 162 162-199(182± 14) 149-183(170± 13) 
Excretory pore from ant. end 144 142-163(150±9 119-144(133±9)  
Nerve ring from ant. end 129 129-154(138±10) 114-134(125±8)  
Cardia 10 8-12(10.3± 1.5) 9.9 
Basal bulb width 21.8 21.8- 24.8 (24.2 ± 1.2) 19.8-21.0 (20.1 f 0.5) 
Anterior gonad 168 158-198(177±15.5) -- 
Posterior gonad 119 119-178(159±21.3) -- 
VBD 29.7 29.7 - 37.6 (33.9 ± 3.6) -- 
Vulva-anus distance 277 208 -312 (277 ± 36.1) -- 
Rectum 24.6 21.8-24.8(24.2±1.2) -- 
Tail 183 183-317(239±48.5) 158-267(212±43) 
ABD 15 15-20(17±1.9) 20.8-27.7(24.8±2.4) 
Testis -- -- 337-475(408±51) 
Spicules -- -- 34.6-44.6(39.6±3.1) 
Gubernaculum -- -- 30 -_35  (30.7 ± 2.0) 
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Fig 11. Rhabditella garhivali sp. n. A. Entire female, B. Entire male, C. Anterior 
region, D. Pharyngeal region, E. Female genital branch (anterior), F. Vulval region 
showing dilator muscles, G. Female posterior region, H. Male posterior region, 1. 
Lateral field. 
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Fig 12. RhohilhtelIa garhti%•ali sp. n. A. Stoma. B. Lateral lines. C. Vulval region 
(dorsoventral). D. Vuhal region (lateral). F. Female posterior region. F. 
Male posterior region showing bursa, G & 11. Spicules and gubernaculum 
(Scale pars — 20 tun). 
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Subfamily Mesorhabditinae Andrassy, 1976 
Diagonosis: Lips well developed. separate, with setose papillae. Amphids small, on 
lateral lips. Stoma rhabditoid-type. well developed. Cheilostom simple, usually not 
cuticularised. Gymnostom and stegostom cuticularised. Metastegostomal plates 
bearing small denticles. Pharyngeal collar generally absent, occasionally present. 
Pharyngeal corpus proximally swollen. bulb-like. Female reproductive system 
always monodelphic-prodelphic; vulva far back. Spicules fused distally, often very 
long and slender. 	Bursa peloderan, anteriorly open, well developed, rarely 
rudimentary. Genital papillae nine pairs if bursa normal, and five to eight pairs if 
bursa reduced. Tail showing dimorphism, female tail mostly moderate to long, 
conoid, occasionally cupola-shaped; male tail short, conoid. 
Type genus: Mesorhabditis (Osche, 1952) Dougherty, 1953 'f 
Other genera: Bursilla Andrassy, 1976 
Crusiorhabditis (Sudhaus, 1974a) Andrassy, 1976 
Cruznema Artigas, 1927 
Distolabrellus Anderson, 1983 
. Ifarispelodera Belogurova, 1977 
Operculorhabditis Khera, 1969 
Rhahpanus Massey, 1971 
Teralorhabditis (Osche, 1952) Dougherty, 1953 
Genus Mesorhabdilis (Osche, 1952) Dougherty, 1953 
Diagonosis: Mesorhabditinae. Body length between 0.4-1.0 mm. Cuticle 
transversely striated. Lips globular, well separated, provided with setose sensilla. 
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Lip region offset. Amphids small, on lateral lips. Stoma well developed, 2-3 lip 
diam. long. Cheilostom simple, exceptionally cuticularised. Metastegostomal plate 
with small denticles. Pharyngeal collar absent. Pharynx with swollen corpus; narrow 
isthmus and round basal bulb. Female reproductive system monodelphic, prodelphic. 
Vulva far posterior, near anus. Male reproductive system monorchic with reflexed 
testis. Spicules long, slender, fused distallN. Gubernaculum simple, boat-shaped. 
Bursa peloderan, anteriorly open. Genital papillae nine pairs (including 2 pre cloacal 
pairs). Phasmids distinct. Tail in both sexes similar, elongate conoid. 
Type species: Mesorhabditis spiculigera (Steiner, 1936) Dougherty, 1953 
Mesorhabditis minicaudata sp .n. 
(Figs 13, 14) 
Measurements: In Table 7. 
Description 
Female: Body small, almost straight, tapering at both extremities. Cuticle with fine 
transverse annules. Lateral fields with two smooth incisures, occupying 1/8-1/9 of 
body diam. 	Lips prominent, each 	with a setose papilla. 	Amphidial 	apertures 
indistinct. Stoma tubular, 2.0-2.3 	lip region diam. long. Cheilostom simple, not 
cuticularized. Gymnostom with parallel walls. Stegostom isoglottoid, each swelling 
with two prominent denticles. Pharyngeal collar surrounding about 30-40% of 
stoma. Pharynx rhabditoid, 1/3-1/4  of total body length. Corpus 56-59% of - 
pharyngeal length, procorpus cylindrical, muscular; metacorpus swollen, bulb-like. 
Isthmus slender, basal bulb ovoid with grinder. Nerve ring at 63-67% of pharyngeal — 
length, encircling isthmus in anterior half. Excretory pore located just posterior to 
nerve ring. at 68-72% of pharyngeal length. Hemizonid at the level of excretory 
pore. Cardia short conoid about 3-4 pm long. Intestine with well-defined lumen, 
intestinal cells rectangular, with distinct nuclei. 
Reproductive system mono-prodelphic, on right side of intestine. Ovary 
reflexed. oocytes mostly arranged in multiple rows in the germinal zone followed by 
one or two rows proximally. Oviduct simple, tubular. Crustaformeria tricollumalate 
followed by spermatheca filled with rounded sperms. Uterus with glandular and 
muscular parts of almost equal length. Post-uterine sac absent. Vagina thick walled 
extending obliquely inwards. Vulva very posterior, vulva-anus distance 30-39 µm. 
Rectum tubular, 1.7 — 2.3 times anal body diam. long. Phasmids distinct, located 
slightly anterior to anal opening. Tail copula-shaped, 1.0-1.2 anal body diam. long 
with 11-12 pm long digitate tip. 
Male: General appearance similar to that of females but with slightly smaller body 
length. Testis monorchic, flexure on dorsal side. Spicules setose, fused at their distal 
part, manubrium more or less rounded, calamus tubular, 2.8-3.4 times anal body 
diam. long. Gubernaculum slender, 39-44% of spicule length. Tail conical with 
arcuate terminus. Bursa peloderan, open anteriorly. Genital papillae nine pairs in 
2/4+P+3 configuration. GPI and GP2 close, precloacal; out of seven post-cloacal 
pairs- GP3, GP4, GPI and GP6 relatively close; GP7, GP8, and GP9 closely placed 
with GP7 pointing dorsally. Phasmids posterior to GP6. 
Type habitat and locality: Soil rich in organic debris collected from sal (Shorea 
robusta) forest, Champawat, Uttarakhand, India. 
7jpe specimens 
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Holotype female on slide a -fe.~orhanditis minicaudata sp. n./l; five females 
and five males (paratypes) on slides Mesorhabditis minicaudata sp. n./2-5 
deposited in the nematode collection of Department of Zoology. Aligarh Muslim f 
University. Aligarh. 
Diagnosis and relationship 
Mesorhabditis minicaudata sp. n. is characterized by two incisures, pharynx 
with distinct median bulb, very posteriorly located vulva; females with copula-
shaped tail with digitate tip and males with setose spicules, slender gubernaculum 
and genital papillae in 2/4+P+3 configuration. 
Mesorhabditis minicaudata sp. n. resembles M. irregularis (Korner, 1954) 
Dougherty, 1955 and M. megachilis (Sudhaus, 1978) Andrassy, 1983 in having 
comparatively short female tail. The new species closely resembles M. irregularis 
i 
but differs in the number of lateral lines (2 vs 4-6), having more posterior position of 
vulva (V = 92-94.5 % vs V = 80-85 %), longer spicules (54-64 pm vs 39-49 µm), 
arrangement of genital papillae ( 2/4+P+3 vs 2/5+3) and longer male tail (30-31 pm 
vs 15-19 pm; c = 22-25 vs c = 30-41). M minicaudata sp.n. also closely resembles 
Al. megachilis, however, differences were found in the number of lateral lines (2 vs 
6), relatively larger a value (18.8-21.2 vs 12-15 in females and 29.4-34 vs 15-17 in 
males), smaller b value (3.3-4.0 vs 4.7-5.7) in females, more posterior position of 
vulva (V = 92-94.5 % vs 85-86 %), longer spicules (54-64 pm vs 35-40 pm), 
arrangement of genital papillae (2/4+P+3 vs 2/5+3) and longer male tail (30-31 pm 
vs 15-16 pm; c = 22-25 vs 47-48). 1 X 
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Table 7: Measurements (in µm) of Mesorhanditis minicaudatu sp. n. Mean and S.D. 
given in parenthesis 
Characters Holotype female 
Paratype females 
(n = 5) 
Paratype males 
(n = 5) 
669 - 739 (706 t 32) L 829 753 - 936 (835 ± 64) 
a 20.7 18.8-21.2(20.3±0.9) 19.3--232(21.0±1.6) 
b 3.6 3.3-4.0(3.6±0.2) 3.5-3.7(3.6±0.1) 
c 48.8 34.2-48.8 (42.6 ± 5.2) 21.8- 24.9 (23.6 ± 1.3) 
c' 1.1 1.1-1.2(1.1±0.1) 1.5-1.6(1.5±0.1) 
V 94.3 92.0-94.4 (93.7±1.0) -- 
Maximum body width 40 40 - 45 (41.2 ± I.9) 31.7 - 34.7 (33.7 ± 1.2) 
Lip width 12 12-13(12.2±0.4) 10-12(11±0.8) 
Lip height 4 3.0-4.0 (3.8 ± 0.4) 3 -4 (3.7 ± 0.4) 
Length of stoma 27 24 - 27 (26 ± 1.4) 228-24 (23.5 ± 1.0) 
Corpus 130 130-144(133±6) 109-118(114±3.5) 
Isthmus 60 55 - 60 (58.6 ± 2.0) 47.5 - 51.5 (49.0 ± 1.6) 
Basal bulb length 40 38-43 (41 ± 1.7) 35 
Pharynx length 230 225-244 (232 ± 6.3) 193 - 204 (198 ± 4) 
Excretory pore from ant. end 163 162-165 (163 ± 1.4) 150-154 (153 ± 1.7) 
Nerve ring from ant. end 152 145 - 160 (152 ± 5) 124 - 141 (131 ± 6.5) 
Cardia 3 3 - 4 (3.8 ± 0.4) 4 
Basal bulb width 28 22 - 29 (27 ± 2.5) 21.8 - 23.8 (22.8 ± 0.7) 
Anterior gonad 365 280 - 455 (359 ± 61) -- 
VBD 34 33 - 34 (33.6 ± 0.5) -- 
Vulva-anus distance 30 30 - 39 (32.2 ± 3.5) -- 
Rectum 37 32 - 37 (34.4 ± 1.7) 27.7 - 29.7 (29.2 ± 0.8) 
Tail 17 17-22(19.8± 1.6) 29.7-30.7(29.9±0.4) 
ABD 16 16- 19 (17.8 ± 1.0) 18.8- 19.8 (19.3 ± 0.5) 
Testis -- -- 277-342(312±23) 
Spicules -- -- 54.5 - 64.4 (57.9 f 3.9) 
Gubernaculum -- -- 21.8 - 26.7 (23.7 ± 1.8) 
l0i 
'(a i F:' :•1 
is•~:..::.~::1 r ~.''•"` 	,,.a 
of 
0 1: 	!. •,.1 1: 
H 
E 
U 
E 
F 
/ 
Fig 13. Mesorhabditis minicaudatu sp. n. A. Entire female, B. Entire male, C. ✓  
Anterior region, D. Pharyngeal region, E. Female reproductive system, F. Female 
posterior region, G. Lateral field, H, 1. Male posterior region. --- 
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Fig 14. .11a.cnrhuhtllti.c ininicouduta sp. n. A. Anterior region, B. Genital branch showing 
columella. C. Lateral lines. 1) & F. Female posterior region. F. Male posterior region 
sho ing spicules and guberuaculum. G. Male posterior region sho%%ing bursa 
(dorso%entral) (Scale bars —'_0 pin). 
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Genus Cruznenm Artigas, 1927 
Diagonosis: Body 0.60-2.2 mm long, plump. Lips globular, separated with 
papilliform sensilla. Stoma well-developed. Cheilostom dot-like, cuticularized: each 
metastegostomal swelling with three small denticles. Pharyngeal collar present. 
Pharynx with weak to moderately-swollen corpus. Female reproductive system 
monodelphic, prodelphic. Vulva considerably posterior. Post-uterine sac absent. 
Anus a crescent-shaped slit. Phasmids at level of anus. Males monorchic with 
reflexed testis and free spicules. Bursa peloderan with nine pairs of genital papillae. 
Tail of female conoid, usually longer than male tail. 
Type species: Cruznema cruznema Artigas, 1927 = Cruznema tripartitum (Linstow, 
1906) Zullini, 1982 
Cruznecon longispicula sp. n. 
(Figs 15, 16) 
Measurements: In Table 8. 
Description 
Female: Body medium to large-sized, robust, straight, tapering at extremities, more 
towards posterior end. Cuticle transversely annulated, punctate with longitudinal 
striae forming a block-like pattern. Lateral fields with four lines, occupying 1/7-1/8 
of body diarn, beginning at base of sWma, extending up to anus. Lip region offset, 
wider than adjoining body region. Lips six, large, globular, anteriorly flattened, well 
separated from each other. Cephalic and outer labial sensilla papilliform, located 
towards outer lip borders, inner labial sensilla inconspicuous. Amphidial apertures 
small, pore-like on lateral lips. Stoma straight, long, narrow, 1.6 times lip diam. 
Cheilostom dot-like, strongly cuticularised. Gymnostom short, metastegostom with 
three small denticles on each swelling, telostegostom isoglottoid. Pharyngeal collar 
surrounding 64-67% of stoma. Pharynx rhabditoid, one-fifth of total length of 
nematode; pharyngeal corpus 59-62 % of pharyngeal length, muscular with 
cylindrical procorpus and swollen, bulb-like metacorpus. Isthmus gradually 
narrowing posteriorly. Terminal bulb rounded with a grinder. Nerve ring at 71-79% 
of neck length. Deirids visible in a few specimens, at the level of basal bulb. 
Excretory pore with anteriorly directed excretory duct, located opposite to the base 
of isthmus or at level of basal bulb, at 79-85% of neck length. Cardia conoid about 
5-6 µm long. Intestine with well-defined lumen, having the cardia with thin walls, 
intestinal cells granular with faint nuclei. 
Reproductive system mono-prodelphic. Ovary dorsally reflexed, on right 
side of intestine. Oocytes arranged in two or more rows throughout the length of 
ovary. Uterus large with well developed glandular and muscular parts, mostly 
holding 2-6 eggs. Vagina anteriorly directed with thin walls. Vulva a transverse slit, 
located far posterior, close to anus, with prominent lips. Post-uterine sac absent. 
Body sharply narrowing posterior to vulva. Rectum thick-walled, about 1.5-1.8 
times anal body diam. long. Anus a crescent shaped slit. Phasmidial ducts opening at 
level of anus. Tail elongate conoid with pointed tip. — 
Male: Similar to female in general morphology. Testis monorchic, reflexed 
ventrally, on left side of intestine. Spicules free, tubular, straight without ventral 
triangular process, about 1.7-2.8 anal body diam. long with more or less triangular 
i 
capitula. (iubernaculum about 67-69% of spicule length, proximal end cephalated 
and bent towards dorsal side. Bursa crenate, peloderan. Genital papillae eight pairs 
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in 2/2+(P+4) configuration with two precloacal and six postcloacal pairs with GPI, 
GP2 closely placed subventrally, Gl'3. GP4 closely placed. opening at level of 
cloacal aperture, GP5. GP6. GP7 subventrel, usually forming a group with dorsally 
directed GP8. Phasmidial ducts short, placed closely anterior to GP5. Tail short, 
conoid. 
Type habitat and locality: Soil rich in organic debris collected from Sal (Shorea 
robusta) forest, Dehradun, Uttarakhand, India. 
Type specimens 
Holotype female on slide Cruznema longispicula sp. n./ l and ten females 
and eight males (paratypes) on slides Cruznema longispicula sp. n./2-5 deposited in 
the nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Diagnosis and relationship 
Cruznema longispicula sp. n. is characterized by a punctate cuticle with fine 
transverse and longitudinal striae forming a block pattern. Lateral fields with four 
lines. Very posteriorly located vulva. Females with elongate conoid tail. Males with 
free, tubular, straight spicules with more or less triangular capitula. Gubernaculurn 
about 67-69% of spicule length, proximal end cephalated and anteriorly bent 
towards dorsal side. Bursa crenate, peloderan, bearing eight pairs of genital papillae 
in 2/2 + (P +4) configuration. 
Cruznema longispicula sp. n. closely resembles C. tripartitum (von Linstow, 
1906) Sudhaus. 1974 in morphological and morphotuetric characteristics but differs 
i 
in the post uterine sac (absent vs present). smaller vulva to anus : tail ratio (0.5-0.7 
108 
vs 1-1.5). longer spicules (58-65 pm vs 40-48 µm) and gubernaculum (40-45 pm vs 
24-31 µm). 'l  
The new species also closely resembles C. helalli Tahseen et al. (2012) in 
most morphometric details but differs in the shape of vulva! lips (simple & not 
projecting vs prominent, projecting & cuticularized), shape of cloacal lips (simple vs 
prominently projected), shape of male tail (short conoid vs copula), longer spicules 
(58-65 µm vs 49-55 µm), shape and size of gubernaculum (slightly bent anteriorly, 
broad and cephalated vs straight & narrow), smaller c value (10-11 vs 13-18).`'' 
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Table 8: Measurements (in am) of Cncnema longispicula sp. u. Mean and S.D. 
given in parenthesis. 
Characters Holotype female 
Paratype females 
n = 10) 
Paratype males 
(n=8 
L 926 800-1097(930±107) 780-906(853±46) 
a 16.1 15.6-19.1(17.0± 1.3) 15.8-21.0(17.7±2.0) 
b 4.7 4.0-5.2 (4.6 ± 0.4) 4.6-5.1(4.8±0.2) 
c II 10.1-11.0(10.6±0.3) 19.7-26.1(23.4±2.4) 
c' 3.2 3.2-3.7(3.3±0.2) 1.0-1.7(1.4±0.4) 
V 86 85-86(85.2±04)  
Maximum body width 57 46.5-57.4(54.7±4.7) 41.6-54.5(48.8±4.6) 
Lip width 17.8 16.8-17.8(17.3±0.5) 14.8-16.8(15.3 t 0.8) 
Lip height 6 5-8(611.2) 4- 5(4.7±0.4) 
Length of stoma 24.8 24.8-29.7(27.2±2.5) 21.8- 24.8 (24.0 s 1.3) 
Corpus 119 119-129(121±4.3) 99-114(105± 5.4) 
Isthmus 50 44.5-54.5(49.5±3.5) 43.6-49.5(45.5±2.3) 
Basal bulb length 29.7 29.7-32.7(30.4±1.3) 22.8-29.7(26.7±3.1) 
Pharynx length 198 193-213(201±7.3) 171-188(177±6.7) 
Excretory pore from ant. end 163 163- 168(165 t 2.3) 
144- 	158(1521 5.4) 
134-163(148±10) 
Nerve ring from ant. end 153 119- 153(1361 12) 
Cardia 6 5- 6 (5.5 t 0.5) 5 - 6 (5-6 ± 0.4) 
Basal bulb width 27.7 27.7-32.7(29.512.0) 19.8-24.8 (22.5+2.3) 
Anterior gonad 386 337 - 594 (443 i 97) 
VBD 44.5 39.6-57.4(465±6.6) -- 
Vulva-anus distance 52.5 44.6-52.5 (49.0 12.8) -- 
Rectum 49.5 37.6-49.5(43.314.9) -- 
Tail 109 74-109(87.9 	12.8) 34.6-39.6(36.6±2.1) 
ABD 29.7 22.8-29.7 (26.2±2.5) 21.8-34.6 (28.5 ± 6.2) 
Testis 	 -- -- 525-569 (548 t 16) 
Spicules - - 57.4-64.4 (60.1 f 2.6) 
Gubernaculum 	 -- -- 39.6-44.6(40.8±2.1) 
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Fig 15. Cru:i ma longispicula sp. n. A. Entire female, B. Entire male. C. Anterior 
region, D. Pharyngeal region, E. Pharyngeal region showing lateral field and dierid, 
F. Female reproductive system, G. Female posterior region, H. Male posterior 
region. I. Spicules, J. Gubcrnaculum. 
F 
Fig 16. ('rttfteuro 1ongi.yicuIa sp. rt. A. Stoma. B. Cuticular punctations. C. Excretory 
pore. D. Female posterior region. F & F. Ciubernaculum. G. Bursa showing genital 
papillae. II. Spicules. I. Lateral lines (Scale bars — 20 pm). 
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Family Diploscapteridae Micoletzky, 1922 
Diagnosis: Lip region strongly modified: head bilaterally symmetrical, dorsal and 
ventral lips with paired hook-like sclerotized processes, lateral lips with 
membraneous structures. Amphidial apertures pore-like. Buccal cavity rhabditoid, 
tubular, without glottoid apparatus and teeth. Oesophagus corpus cylindrical or with 
medial swelling. Female genital organ paired. Spicules separate. Bursa narrow, 
peloderan or pseudo-peloderan, provided with 7-9 pairs of papillae. Female tail 
conoid, short or elongate, male tail short. 
Type and only subfamily: 	Diploscapterinae Micoletzky, 1922 
Type genus: 	 Diploscapter Cobb, 1913 
Other genera: 	 Carinoscapter Siddiqi, 1998 
Sclerorhabditis Ahmad, Shah & Mahamood, 2007 
Genus Sclerorhabditis Ahmad, Shah & Mahamood, 2007 ✓  
Diagnosis: body small, less than 0.5 mm long. Cuticle finely annulated. Lip region 
offset, symmetrical, dorsal and ventral lips with fork-like sclerotisations. Free tips of 
forks directed towards stoma. Lateral lips somewhat pyramidal in shape with flat 
sclerotised apical margins. Anterior body margin forming a cephalic collar with 
deep clefts on lateral sides. Amphidial apertures indistinct. Stoma long, tubular, 
sometimes widening anteriorly. Cheilostom not sclerotised; gymnostom broad, 
evenly cuticularised. Stegostom longer than gymnostom; glottoid apparatus absent. 
Pharyngeal corpus broad, swollen at base. Female reproductive system 
amphidelphic: vulva slightly post-median. Males monorchic with reflexed testis and 
free spicules. Bursa peloderan with eight pairs of genital papillae. Female tail 
conoid, usually longer than male tail. 
Type species: S. tridentatus Ahmad, Shah & Mahamood, 2007 
Sclerorhabditis de►'prayaga sp. n. 
(Figs 17, 18) 
Measurements: In Table 9. 
Description 
Female: Body small, almost straight or slightly curved after fixation, tapering 
slightly anteriorly but more posteriorly. Maximum body diam. at vulval region. 
Cuticle with fine transverse striations more prominent at the anterior and posterior 
regions. Lateral fields wide, occupying one-fourth of body diam., with two lines 
beginning at base of stoma extending up to anus. I,ip region offset from adjoining 
body by constriction. Lips strongly sclerotized, crown-shaped. Both dorsal and 
ventral pairs of lips with three curved thorn shape projections directed towards the 
stoma. Amphidial apertures indistinct. Stoma tubular, 1.7-2.2 lip region diam. long. 
Cheilostom not sclerotized. Gymnostom short, wide, walls parallel or slightly 
divergent anteriorly. Stegostom lacking glottoid apparatus and denudes. Pharyngeal 
tissue surrounding stoma 49-53% of its length. Pharynx rhabditoid, one-fifth of total 
length of nematode; pharyngeal corpus 1.4-1.7 times posterior pharynx length, 
muscular with cylindrical procorpus; metacorpus swollen, bulb like; terminal bulb 
ovoid with grinder. Nerve ring at 71-79% of neck length, encircling isthmus in its 
posterior half. Excretory pore located at the base of isthmus or opposite to basal 
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bulb, at 80-91% of neck length. Deirids distinct, at the level of basal bulb. Cardia 
conoid, about 3-4 pun long. Intestine wide with well defined lumen. 
Reproductive system amphidelphic. both genital branches equally developed. 
anterior branch on right and posterior branch on left side of intestine. Ovaries 
dorsally reflexed, flexure usually small, occasionally straight with oocytes arranged 
in two or more rows. Oviduct very short, continued in a globular spermatheca with 
numerous and very small spermatozoa. Uterus more or less tubular, not distinctly 
demarcated into glandular and muscular parts. Vagina thin-walled, less than half 
corresponding body diam. long. Vulva a transverse slit, lips slightly protruding. 
Rectum tubular, with wider lumen at proximal portion, 1.3-1.7 times anal body 
diam. long. Tail conoid to elongate conoid. tip finely rounded. 
Male. Not found. 
Type habitat and locality: Soil collected around the roots of Plum (Prunus spp.) 
plantations, Devprayag, Uttarakhand, India. 
Type specimens 
Holotype female on slide Sclerorhabditis devprayaga sp. n./ l; nine females 
(paratypes) on slides Sclerorhabditis devprayaga sp. n./2-5 deposited in the 
nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Diagnosis and relationship 
Sclerorhabdilis devprayaga sp. n. is characterized by its body length (492-
525 µm), lip region with crown-shaped lips having three acute thorns, stegostorn 
lacking glottoid apparatus and denticles, didelphic-amphidelphic female 
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reproductive system with straight or dorsally reflexed ovaries and conoid elongated 
tail with finely rounded tip. / 
The new species resembles Sclerorhabditis tridentata Ahmad, Shah & 
Mahamood, 2007 in general morphological characters and morphornetric values but 
differs in having larger body length (492-526µm vs 356-461µm), posteriorly located 
nerve ring and excretory pore (79-84 µn1 vs 60-73 µm and 89-99 µm vs 69-84 gm 
respectively). 'l'he new species also resembles S neotropicalis Esquivel, Abolafia, 
Hanson & Pinto, 2012 in general morphology but differs in the shape and length of 
tail (finely rounded tip vs acute tip; 51.5-59.5 µm vs 62-76 µm), smaller anal body 
diam. (12-14 pm vs 15-19 µm), greater a value (18.0-20.4 vs 13.1-16.2), greater c 
value (8.4-9.6 vs 7.2-8.6) and slightly more anterior position of vulva (V = 52-54 vs 
55-61%).'  
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Table 9: Measurements (in µm) of Sclerorhabditrs detprayaga sp. n. Mean and S,D. 
given in parenthesis.  
Characters Holotvpe female 
Pararyp e females 
(n=9) 
L 503 492-526(507± 12) 
a 18.1 18.0-20.4(18.9=10) 
b 1.7 4.5-4.7(4.6±01) 
c 9.2 8.4 - 9.7 (9.3 	0.4) 
4.6 3.7-4.6(4.3 f 0.3) 
V 52 52-54(53+ 1.U) 
Maximum body width 
Lip width 
28 25.0 	28.5 (27 f 1.5) 
9 9-- 12(10+ 1.0) 
Lip height 5 4-5(4.7±0.4) 
Length of stoma 20 18.5-20.0 (19.5 f 0.4) 
Corpus 67 64.5-67.5 (66 f 1.5) 
Isthmus 20 20.0-27-5 (23.5 f 2.5) 
Basal bulb length 20 20.0-22.5 (20.5 t 1.5) 
Pharynx length 107 107 -115(111 t2.5) 
Excretory pore from ant. end 94 89-99(94:3) 
Nerve ring from ant. end 
Cardia 
84 
4 
79 -84 (82 ± 2.5) 
3-4(3.7±0.4) 
Basal bulb width 17 16-18 (16.5 t 0.5) 
Anterior gonad 79 79-99(36 t 8.5) 
Posterior gonad 89 74-89 (80 x 5.5) 
VBD 	-~-_- 26 25.5-29.5 (27 r 1.5) 
Vulva-anus distance 188 173 	- 188 (181 ± 6.5) 
Rectum 20 16-20(18+1.5) 
Tail 54 
12 
51.5- 59.5 (55 f 2.5) 
12-14(12.540.5) ABD 
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Fig 17. Sclerorhabditis devpra'aga sp. n. A. Entire female, B. Anterior region, C. 
Pharyngeal region, D. Pharyngeal region showing lateral field, dierid and excretory 
pore. E. Female reproductive system. F. Female posterior region. 
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Fig 18. Sclerorhanditrh (/e /)ruraga sp. n. A. Anterior region (lateral). B. Anterior region 
(dorso,,entral). C. Phar ngeal region. D. Lateral lines. F. Female genital branch 
(posterior). F. Female posterior region (Scale bars - 20 ltm). 
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Suborder Diplogastrina Micoletzky, 1922 
Diagnosis: Lips mostly six. Labial sensilla especially in males setae-like and 
usually, also with four cephalic setae. Amphids mostly distinct, particularly in 
males, oval, in the anterior stomal region or in the posterior part of the stoma and 
sometimes, still beyond it. Stoma divisible into cheilostom, gymnostom and 
stegostom; tubular or wide barrel-shaped; bilaterally symmetrical or asymmetrical. 
Stegostom always with asymmetrical swellings; the dorsal usually stronger and 
differently structured than the subventrals and often with large, movable claw-like 
tooth. Pharynx divisible into two parts. The anterior pharynx comprising of the 
muscular procorpus and strong median bulb housing the crescent valve plates and 
the posterior pharynx of isthmus and the glandular terminal bulb. Female gonads 
mostly paired, rarely unpaired. Spicules free, rarely fused. Bursa present or 
rudimentary or completely absent. Caudal papillae papillose or setae-like. Tail in 
both sexes long filiform. 
Type superfamily: 	Diplogastmidea Micoletzkty, 1922 
Other superfamilies: Cylindrocorporcidea Goodey, 1939 
Odontopharyngoidea (Micoletzky, 1922) Andrdssy, 1984. -- 
Superfamily Diplagastroidea Micoletzky, 1922 
Diagnosis: Lips six. Labial sensilla papillae-like and males with additional four Fine 
cephalic setae. Amphidial openings either small, indistinct or large in the posterior 
region of stoma. Cheilostomal walls mostly cuticularized. Gymnostoma! walls 
cuticularized. Slegostontal walls asymmetrical, dorsal wall with armed tooth. 
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THESiS 
Anterior pharynx always with valuate median bulb and posterior pharynx with 
distinguishable terminal bulb. Female gonads mostly paired, rarely unpaired. Bursa 
present or rudimentary or absent. 
Type family: 	1)iplogastridae Micoletzkv. 1922 	-- 
Other families: 	Diplogasteroididae Filipjev & Schuurmans Stekhoven, 1941 
Heteropleuronematidae (Andrassy, 1970) Andrassy, 1984 
Neodiplogastridae (Paramonov, 1952) Andrassy, 1984 
Pseudodiplogasteroididae Korner, 1954 
Tylopharyngidae Filipjev, 1934. 
Family Diplogastridae Micoletzky, 1922 
Diagnosis: Amphidial openings small, anteriorly situated. Cheilostomal walls 
cuticularised, often divided into rods/plates. Gymnostom spacious, rarely tubular 
with cuticularised walls. Stegostomal walls with prominent conspicuous teeth. 
Dorsal tooth immovable, always bigger than the sub-ventral teeth. Pharynx 
muscular, with distinct median bulb and terminal bulb. Female reprouctive system 
mostly didelphic, amphidelphic. Bursa nearly or always rudimentary. 
Type subfamily: 	Diplogastrinae Micoletzky. 1922 
Other subfamilies: 	Demaniellinae Paramonov, 1951 
Paroigolaimellinae Andrassy, 1976 
Subfamily Paroigolaimcllinac Andrassy, 1976 
Diagnosis: Lip region wide, approximately as long as wide. Cheilorhabdions 
extending up to anterior end. Stegostom short. Dorsal stegostomal wall with a small 
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tooth. Sub-ventral walls either smooth or provided with wart-like denticles. Ovaries 
paired. Bursa reduced. Tail pointed. 
Type genus: Paroigolaimella Paramonov, 1952 
Other genus: Eudiplogasterium Meyl, 1961 
Genus Paroigolaitnella Paramonov, 1952 
Diagnosis: Body length between 0.5-1.4 mm. Labial sensilla bristle-like. Stoma as 
long as wide. Cheilostom almost as long as gymnostom with twelve adradial plates. 
Gymnostom cuticularised, dorsal wall usually shorter than subventrals. Dorsal 
metastegostomal wall with a moderately large tooth. Subventrals provided with 
wart-like denticles. Female reproductive system didelphic, amphidelphic. Spicules 
of variable shapes. Male genital papillae 9 or 10 pairs with 3 precloacal and 6-7 
post-cloacal pairs. Tail filiform or whip-like. 
Type species: Paroigolaimella coprophaga (de Man, 1876) Paramonov, 1952 
Paroigolaimella t}pica sp. rL 
(Figs 19, 20) 
Measurements: In Table 10. 
Description 
Female: Body slender, gradually tapering posteriorly. Cuticle with fine transverse 
and longitudinal striations. Lip region round or flat; lips fused, each with a papilla. 
Amphidial openings oval, at the level of dorsal tooth. Stoma short, spacious. 
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Cheilostomal walls cuticularised, cheilorhabdial plates extending beyond labial 
contour. Gymnostomal walls short, cuticularized. Stegoslomal walls anisomorphic. 
Dorsal wall with a moderately large tooth; sub ventrals provided with two curved 
rows of wart-like denticles. Procorpus muscidar, median bulb oblong. Isthmus 
broad, expanding posteriorly to form a not well demarcated basal bulb. Nerve ring at 
64— 67% of the total pharynx length. Hemizonid at level of orjust posterior to nerve 
ring. Excretory pore posterior to the basal bulb, in region of intestine 
Reproductive system aniphideIphic, anterior branch on right and posterior 
branch on left side of intestine. Ovaries reversed, oocytes arranged in two or more 
rows in germinal zone. Spermatheca small, oblong, not set off. Uterus divisible into 
muscular and glandular parts. Vagina tubular with strongly cuticularised cavity and 
a pouch-like bladder extending posteriorly. Vulval opening circular. Rectum 1.1 to 
1.5 anal body diam. long, wide proximally. Tail whip-like, gradually tapering 
posteriorly, 0.8-1.2 times vulva-anus distance long. Phasmids 1.0-1.3 anal body 
diam. posterior to anus. 
Male: Body slender, curved more in posterior region. Anterior region similar to 
females except for 4 additional cephalic setae. Testis single on the ventral side, 
reflexed in proliferation zone; flexure on right lateral side. A band of muscles 
present anterior to precloacal genital papillae. Spicules large, complex, heavily built; 
dorsal wall angular, ventral with blunt processes, 1.8 - 2.0 anal body diam. long. 
Gubernaculum thin, linear without any distal sleeve, 52-60% of total spicules 
length. Genital papillae nine pairs; two pairs precloaeat, closely placed, seven pairs 
.1 
postcloacal. Genital papillae formula: (vl, v2)/vid, v4, ad, phasmids, (v5, v6, v7), 
pd. Tail divisible into two anterior conoid and posterior filamentous parts. 
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"type habitat and locality: Soil collected from the rhizospheres of plum (Prunus 
domestica), Almora. Uttrakhand. 
1 ype specimens 
Holotype female on slide Paroigolaimella typica sp. n./I and three females 
and four males (paratypes) on slides Paroigolaimella typica sp. n./2-4 deposited in 
the nematode collection of Department of Zoology, Aligarh Muslim University, 
Aligarh. 
Diagnosis and relationship 
Paroigolaimella typica sp. n. is characterised by dorsal stegostomal wall 
with a moderately large tooth, wart-like denticles on the sub-ventrals, large, 
complexed spicules. thin gubernaculum without any distal sleeve and two pairs of 
precloacal genital papillae. 
Paroigolaimella typica sp. n. closely resembles Paroigolaimella coprophila 
(Sudhaus & Rehfeld, 1990) Sudhaus & FUrst von Lieven, 2003 in morphological 
and morphometric characteristics but differs in having smaller female body length 
(382-473 µm vs 514-1062 µm), more posteriorly located vulva (V= 44 - 47% vs 
38-42%) and in position of genital papilla v3d (posterior to cloaca vs almost at the 
level of cloaca). 
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Table 10: Measurements (in pm) of Paroigolaimella typica sp. n. Mean and S.D. 
given in parenthesis. 
Characters 	 I-lolotype female 
Paratype females 
(n= 3) 
Paratype males 
(n= 4) 
L 467 382 - 473 (441 ± 42) 485 - 505 (493 ± 7) 
a 27.5 23.9 - 27.5 (25.4 ± 1.5) 31.6-35.3 (33.0 ± 1.4) 
b 7.3 5.8 - 7.3(6.4±0.6) 7.2 - 7.8 (7.5 ± 0.3) 
c 3.7 3.3-4.3(3.8±0.4) 3.9-4.7(4.3±0.3) 
c' 12.5 11.0-12.8(12.1±0.8) 8.8-12(10.4±1.3) 
V 47 44-47(45.7± 1.1) -- 
Maximum body diam. 17 16-19(17.3± 1.3) 14-16(15±0.7) 
Lip width 6 5 -6 (5.7 ± 0.5) 5 - 6 (5.5 ± 0.5) 
Length of Stoma 5 4 - 5 (4.7 ± 0.5) 4 - 5 (4.8 ± 0.4) 
Median bulb length 10 10- 11 (10.5 ± 0.5) 9- 10 (9.5 ± 0.5) 
Nerve ring from ant. end 43 42 - 49 (44.7 ± 3.1) 45 - 50 (48 ± 2) 
Excretory pore from ant. end 71 70 - 72 (71 * 0.5) 54 - 60 (56 ± 2.4) 
Pharynx length 64 64 - 76 (68.7 ± 5.3) 63 - 68 (66 ± 2.1) 
Anterior gonad 65 50-80(65± 12.3) -- 
Posterior gonad 60 50-90(66.7± 17) -- 
Vulva 219 169-219(202±23.3) -- 
VBD 17 16- 19(17.3± 1.3) -- 
Vulva-anus distance 123 98 -145 (122± 19.2) -- 
Rectum 15 10-15(13.3±2.4) 14-15(14.5±0.5) 
Tail 125 110-125(116.7±6.2) 105-125(116±7.5) 
ABD 10 9-10(9.7*0.5) 10-12(11.3±0.8) 
Testis -- -- 225 - 250 (235 t 10.6) 
Spicules -- -- 20 - 21 (20.5 f 0.5) 
Gubernaculum -- -- 11 - 12 (1 1.5 t 0.5) 
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Fig 19. Paroigolaimellu typica sp. n. A. Entire female, B. Entire male, C. 
Pharyngeal region, D. Female genital branch (anterior), E. Female posterior region, 
F. Male posterior region. 
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Fig 20. Pcaroir,l ,,nwlla r►/uk a sp. n. A & B. Anterior region. C. V uk aI region. f). 
Female genital branch (Posterior). I.. I:emale posterior region, I:. Male 
posterior region, (1. Spicules and zuhernaculum (Scale bars- A. ('-G = 20 
µm; f3 = 10 µm). 
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Family Neodiplogastridae (Paramonov, 1952) Andrassy, 1984 
' 	 Diagnosis: Cheilostom divisible into longitudinal furrows in the form of plates or 
rods. Cheilostom and gymnostom mostly evenly long. Stegostomal wall 
asymmetrical, dorsal wall with large, claw-like, movable tooth, right subventral 
swelling mostly with plate of two or more pointed saw-like teeth or seldom with 
very small tooth or else entirely unarmed. The posterior section of stoma formed by 
spacious often prolonged stegostom. Female reproductive system paired. Bursa if 
present rudimentary. Spicules free. Tail length variable. 
Type subfamily: 	Neodiplogastrinae Paramonov, 1952 
Other subfamily: 	Glauxinematinae Andrassy. 1984 
Subfamily Neodiplogastrinae Paramonov, 1952 
Diagnosis: Stoma either uniform or divisible into two sections, anterior section 
wider comprising of cheilostom and gymnostom. Posterior section narrow, often 
tubular comprising of stegostom, which houses the tooth, teeth or denticles. 
Cheilostom divisible into rods or plates. Dorsal stegostomal wall with a large 
movable claw-like tooth and right subventral wall with 1-2 saw-like teeth or small 
teeth. Spicules free. 
Type genus: Neodiplogasier Cobb, 1924 
Other genera: Fictor Paramonov, 1952 
Koerneria Meyl, 1961 
Micoletzkva Weingartner, 1955 
kfononchoides Rahrn, 1928 
Oigohinle11a Pararnonov, 1952 
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Pristionchus Kries, 1932 
Genus Mononchoides Rahm, 1928 
Diagnosis: Body length 0.6 — 3.4 mm. Cuticle with transverse striations and 
longitudinal ridges. Labial papillae setae-like. Stoma distinctly divisible into two 
parts. The anterior section comprising of eheilostom and gymnostom. The posterior, 
narrow, tubular part comprises of stegostom. Cheilostomal walls always divisible 
into finely pointed rods (12 — 18 in number). Dorsal stegostorva1 wall with a large 
movable claw-like tooth, left subventral with immovable transverse plate and right 
with saw-like teeth. Female gonads paired. A true but week bursa frequently present. 
Spicules free, moderately slender. Gubernaculum proximally always incised. Genital 
papillae 9 or 10 pairs of which 3 are precloacal. Tail in both sexes long, filiform. 
Type species: Mononchoides longicauda, Rahm, 1928 
Mononchoides spiculatus sp. n. V 
(Figs 21, 22) 
Measurements: In Table II. 
Description 
Female: Body almost straight upon fixation. Cuticle with transverse striations and 
prominent longitudinal ridges. Amphidial apertures elliptical, at level of 
gymnostom. Lip region continuous with body contour. Lips six, fused, each with a 
papilla. Stoma longer than wide. Cheilostom wide, cuticularized. Cheilorhabdial 
J 
flaps bifid apically, extending beyond labial contour. Gymnostom anisotopic, 
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subventral walls longer than dorsal. Stegostom anisotopic and anisomorphic. Dorsal 
wall with a large claw-like tooth having a lumen, right subventral with a plate-like 
pyramidal tooth without a lumen and left subventral with a denticulate ridge. 
Posterior part of stegostom tubular. Procorpus muscular, gradually expanding to a 
spheroid median bulb. Isthmus long, narrow, gradually expanding posteriorly to 
form a basal bulb. Anterior pharynx muscular, 61- 69 % of pharyngeal length. Nerve 
ring encircling isthmus in the anterior half or at 67-72 % of pharyngeal length from 
the anterior end. Hemizonid slightly posterior or at level of nerve ring, at 69-73 % of 
pharyngeal length. Excretory pore further posterior to hemizonid. Cardia well 
developed. Intestinal lumen wide. -' 
Reproductive system amphidetphic, anterior branch on right and posterior 
branch on left side of intestine. Ovary long, oocytes arranged in several rows in 
germinal zone. Oviduct short, narrow, gradually expanding to form a spermatheca. ` 
Spermatheca not set-off, continuous, containing sperms. Uterus divisible into a long 
glandular and a short muscular part. Vagina muscular, vulval opening circular. A 
pair of dumb-bell shaped pouches present at level of uterus vagina junction. Rectum 
1.0-1.5 anal body diam. long. Phasmids 1.1-1.6 anal body diam. posterior to anus. 
Tail long filiform, 1.9-2.2 times vulva-anus distance. 
Male: Body smaller than females. Anterior part similar to that of females except for 
four additional cephalic setae. Testis single, reflexed. Spicules free, arcuate, weekly 
sclerotized, 1.6- 1.8 anal body diam. long. Gubernaculum slender, rod like, 37-44% 
of spicules length. Genital papillae: nine pairs; three pairs precloacal, six pairs 
postcloacal. Genital papillae formula: vi. v2. v3d / v4, ad, phasmids, (v5, v6, v7), 
pd. Tail divisible into a short conoid part and a long filamentous part. 
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Type habitat and locality: Soil around the rhizospheres of sal (Shorea robusta) trees, 
Champawat, Uttarakhand, India. 
Type specimens 
Holotype female on slide Mononchoides spiculatus sp, n/I; six females and 
five males (paratypes) on slides Mononchoides spiculatus sp. n./2-4 deposited in the 
nematode collection of Department of Zoology, Aligarh Muslim University, Il 
Aligarh. 
Diagonosis and relationship 
The new species is characterized by a large claw-I Ike dorsal tooth, nine pairs 
of genital papillae, weekly sclerotized spicules and simple, slender, rod-I-ike 
gubernaculum without distal sleeves. 
The new species resembles Mononchoides composticola Steel et al., 2011 in 
general morphology and morphometrics. However, the new species can be 
differentiated from M composticola in the shape of right subventral tooth (simple 
pyramidal vs pyramidal hooked), shape of spicules (arcuate, broad with prominent 
head vs thin without prominent head), shape of gubemaculum (simple rod-like, 
without distal sleeve vs with distal sleeve and short proximal appendage), larger c 
value in males (3.1-3.5 vs 1.9-2.8) and smaller c value in males (11.1-12.2 vs 18.7- 
if 
The new species also ressembles Mononchoides siriatus (Btitschli, 1876) 
Goodey, 1963 in general morphology and morphometrics. However, the new species 
can be differentiated from M striatus in the shape and size of spicules (slightly 
J 	 ✓  
arcuate, broad with prominent head; 30-34 pm vs thinner; 40- 44 µm), shape and size 
of gubernacultwn (simple rod-like, without a distal sleeve; 12-15 pm vs with a distal 
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sleeve and a flexible proximal appendage; 24-26 µm) and in having smaller b value 
in males (5.0-5.5 vs 6.1-7.3). 
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Table I I : Measurements (in µm) of Mononchoides spiculatus sp. n. Mean and S. D. 
given in parenthesis. 
Characters Holotype female 
Paratype Females 
(n=6) 
Paratype males 
n=5) 
L 998 991 - 1078 (1012129.8) 67S-705(691 	9.6) 
a j 	38.4 33.0-41.5(37.1±2.6) 27.6-30.7 (29.1 t 1.l) 
b 6A 6.1- 6.9(6.5 i0.2) 5.0 - 5.5 (5.2 ± 0.2) 
c 2.3 2.2-2.3 (2.3 t 0.1) 3.1- 35(3.310.2) 
c' 26 25.0-23.8(26.811.4) 11.1-12.2(11.710.6) 
V 35 33-34(33.9±0.5) -- 
Lip width 12 12-13(12.210.4) 10-I I (10.5 ±0.5) 
Stoma 21 20-22(21±0.8) 15-17(15.8±0.8) 
Median bulb length 22 20-22(20.710.8) 16-20(17.5±1.5) 
Nerve ring from ant, end 106 103-112(108- 2.9) 83-90(86-2.6) 
Excretory pore from ant. end 109 105 -117 (1 11 t 5.2) 91 - 101 (95±3.7) 
Hemizonid from ant, end Ito 105-110(108±1.8) 88-97(91.533.5) 
Pharynx length 15? 152-163(156±3.7) 127-128(133+4.3) 
Anterior gonad 106 75-106(95.3±10.1) - 
Posterior gonad 95 85-108(99374) --  
VBD 25 25-27(26±0.8) --  
Vulva- anus distance 210 207-246(219± 13.1) --  
Rectum 25 18-25(21.8±2.5) 20-25(23.5 ± 2.1) 
Tail 440 435-465(4501 10.4) 200-220(213 + 8.3) 
ABD 17 16- IS (17 - 0.7) 18-19(18.3 t 0.4) 
Phasmids from anus 24 20-25(22.7 ± 1.6) 20-25(22.3 + 1.9) 
Maximum body d'iarn. 26 26-30(27.3x1.4) 23-25(23.8+0.8) 
Vulva 348 332-367 (344 ± II.?) -- 
Testis -- -- 215-284(244+28) 
Spicules -- -- 30-34(31.8 + 1.5) 
Gagernacalum - - 12 	15 (13.3 + 1.3) 
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Fig 21. Alononchoides spiculatus sp. n. A. Entire female, B. Entire male, C. 
Pharyngeal region, D. Female genital branch (anterior), E. Female posterior region, 
F. Male posterior region. 
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D, 
E 
Fig 22. .tWcmunehoides spiculatus sp. n. A. Stoma, 13. Anterior region sho%%ing cheilorhabdial 
flaps. C. Longitunal ridges, 1). Female genital branch (posterior). E & F. Male 
posterior region (Scale bars = 20 µm). 
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Order Mononchida Jairajpuri, 1969 
Diagnosis: Medium to large nematodes, generally well over 1 mm long. Cuticle 
thick. Lip region expanded, lips and labial papillae well developed. Buccal cavity 
spacious, strongly sclerotised, posterior quarter or entire length embedded in 
pharyngeal tissue, provided with tooth or teeth, with or without longitudinal ventral 
ridges. Subventral walls either smooth or provided with large teeth or small denticles 
arranged in longitudinal ridges or scattered irregularly. Amphids small, goblet-
shaped, aperture post-labial. Pharynx long, cylindrical, strongly muscular, with 
greatly thickened lumen. Pharyngo-intestinal junction tuberculate or non-
tuberculate. Pharyngeal glands uninucleate; one dorsal and two pairs of subventrals, 
their orifices located posterior to nerve ring. Excretory system, when visible, with an 
ampulla and a pair of excretory ducts each terminating in a large uninucleate cell, 
the renette. Female genital system amphidelphic, mono-prodelphic or mono-
opisthodelphic, with or without vulval papillae. Males lacking adanal pair of 
supplements but with a series of ventromedian papillae. Spicules paired and 
identical, gubemaculum and lateral accessory pieces present. Caudal glands three, 
uninucleate. Spinneret terminal or subterminal. Inhabitants of soil, rarely of 
freshwater. Predatory in habit. 
Type Suborder: 	Mononchina Kirjanova & Krall, 1969 / 
Other Suborder: 	Bathyodontina Coomans & Loo1 1970 
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Suborder Mononchina Kirjanova & Krall, 1969 
Diagnosis: Buccal cavity large and wide, posterior quarter embedded in pharyngeal 
tissue. Dorsal tooth prominent, ventral ridges and subventral teeth may or may not 
be present. Ventral ridges with or without dentieles; subventral teeth may be as large 
as dorsal tooth and / or in form of denticles. Dorsal pharyngeal gland nucleus located 
posterior to dorsal pharyngeal gland orifice, but anterior to subventral gland 
opening. First subventral gland nucleus located posterior to first subventral gland 
orifice. Well developed gubernaculum and prominent lateral accessory pieces 
present. 
Type Superfamily: 	Mononchoidea Filipjev, 1934 ✓  
Other Superfamily: Anatonchoidea Jairajpuri, 1969 
Superfamily Mononchoidea Filipjev, 1934 
Diagnosis: Buccal cavity thick-walled, tapering at base, dorsal tooth medium to 
large. Subventral teeth, if present, may be as large as dorsal tooth or smaller. Ventral 
longitudinal ridges, if present, with or without denticles. Pharyngo-intestinal 
junction non-tuberculate. Tail usually short conoid or cylindmid, rarely filifonn. 
caudal glands poorly to well developed, rarely absent. 
Type Family: Mononchidae Filipjev, 1934 
Other Family; Cobbonchidae Jairajpuri. 1969 
Mylonchulidae Jairajpuri, 1969 
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Family Mylonchulidae Jairajpuri, 1969 V 
Diagnosis: Medium-sized nemnatodes. Buccal cavity heavily sclerotised, goblet- or 
funnel-shaped, strongly tapering at base. Dorsal tooth large, claw-like, located in 
anterior part of buccal cavity and sharply pointed, directed anteriad, or moderately 
developed in anterior or posterior half of buccal cavity. Subventral walls with 
several rows of denticles arranged in transverse rows, or scattered. or both, denticles 
rarely absent. Tail generally short, conoid and arcuate, caudal glands and spinneret 
usually well developed, rarely absent. 
Type subfamily: Mylonchulinae Jairajpuri, 1969 ✓  
Other subfamily: SporonchulinaeJairajpuri, 1969 ✓  
Subfamily Mylonchulinae Jairajpuri, 1969 V 
Diagnosis: Dorsal tooth in anterior half of buccal cavity; denticles arranged in one 
or several transverse rows. Subvcntral teeth present or absent. Caudal glands and 
spinneret generally well developed. 
Type genus: 	Mylonchulus Cobb, 1916 ✓  
Other genera: 	Rrnchonehulus Andrassy,1958 ✓  
Polyonchulus Mulvey & Jensen, 1967 
Margaronhulus Andri;ssy, 1972 
Oligonchulus Andrassy, 1976 ', 
Megaonchulus Jairajpuri & Khan, 1982 " 
Paranrylonchulus Jairajpuri & Khan, 1982 ✓  
C restonchulu.s Siddiqi & Jairajpuri, 2002 
Margdronchuloides Ahmad & Jairajpuri, 2010 
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Genus Mylonchulus Cobb, 1916 
Diagnosis: Body 0.5-2.9 mm long. Buccal cavity goblet- or funnel-shaped; dorsal 
wall thicker than ventral. Dorsal tooth very large, claw-like, obliquely directed 
anteriad with sharply pointed apex, located in anterior half of buccal cavity. Each 
subventral wall armed with several small rasp-like denticles more or less arranged in 
regular transverse rows. Anterior and/or posterior margin of rasp-field provided with 
sclerotised refractive rings. Two small subventral teeth present opposite base of 
dorsal tooth. Pharyngo-intestinal junction non-tuberculate. Female genital system 
amphidelphic. Spicules short, slender, arcuate; gubernaculum simple or bidentate 
with or without lateral accessory pieces. Tail in both sexes similar, short, usually 1-2 
anal body diam., very rarely up to four times anal body diam., varying in form. 
Caudal glands usually well developed, grouped or in tandem. Spinneret terminal or 
subterminal. 
Type species: Mylonchulus minor (Cobb, 1893) Cobb, 1916 
Mylonchulus irregu/aris sp. n. 
(Figs 23, 24) 
Measurements: In Table 12. 
Description 
Female: Body cylindrical. ventrally arcuate upon fixation, tapering gradually in the 
posterior region. Cuticle smooth, 2 lun thick at mid-body and 3-4 pm on tail. Lip 
region slightly of`uct. wider than the adjoining body, about 2.7-2.9 times as wide as 
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high. Labial and cephalic papillae distinct and prominent. Amphidial apertures slit-
like, almost at level of dorsal tooth apex. Buccal cavity goblet-shaped, thick-walled, 
uniformly tapering towards base, about twice as long as wide. Dorsal tooth very 
strong, claw-like. obliquely forward directed with sharply pointed tip. Apex of 
dorsal tooth situated at 75-76 % from base of stoma; subventral teeth well-
developed; ventrosublatreral denticles not arranged in definite rows except the 
anterior most row. A pair of ventrosublateral foramina present near the oblique basal 
plate of stoma. Nerve ring at 29-34 % of neck length from anterior end. Pharyngo-
intestinal junction non-tuberculate. Intestine as wide as pharynx, with distinct lumen. 
Reproductive system amphidelphic; both sexual branches equally developed. 
Ovary reflexed, oocytes arranged in multiple rows, proximal part of oviduct swollen, 
made up of glandular cells. A faint sphincter present at the oviduct-uterus junction. 
Vagina extending inwards one-fourth of body width, with cuticularized pieces at 
vagina-vulva junction; vulva a transverse slit. Tail about 1.0-1.5 anal body width 
long, conoid, ventrally arcuate, terminus blunt. Caudal glands well developed, 
arranged in tandem with terminal spinneret and developed ampula. 
Male: Not found. 
Type habitat and locality: Soil around the rhizospheres of sal (Shorea rohusta) trees, 
Champawat, Uttarakhand, India. 
Type specimens 
Ilolotype female on slide Alylonchulus irregularis sp. n./l; nine paratype 
females on slides Myylonrhulus irregularis sp. n./2-5 deposited in the nematode ) / 
collection of Department of Zoology. Aligarh Muslim University, Aligarh. 
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Diagnosis and relationship 
Mylonchulus irregularis sp. n. is characterized by slightly offset lip region, .- 
amphidial apertures at level of dorsal tooth apex, well developed subventral 
teeth,ventrosublateral denticles not arranged in definite rows, cuticularized pieces at 
vagina-vulva junction, conoid tail with blunt terminus, caudal glands in tandem with ' 
terminal spinneret and developed ampula. 
The new species closely resembles Mylonchulus lacustris (Cobb in Cobb, 
1915) Andrassy, 1958 in general morphology and morphometrics but differs in the 
arrangement of rasp-like transverse rows of denticles (8-10 irregular rows vs 7 
regular rows) and shorter tail (32-40 vs 42-59). 
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I'able{2 -. Measurements (in gm) of Mylonchulus irregularis sp. n. Mean and S.D. 
J 	given in parenthesis. 
Characters Holotype female 
Paratype females 
(n = 9) 
L 1096 1068-117I(1120±35) 
a 22.1 21.6-25.0(22.8± 1.3) 
b 3.4 3.3-4.0(3.6±0.3) 
c 29.1 
1.3 
27.0-35.6(30.6±2.9) 
1.0-1.5(1.3±0.2) c' 
V 61.8 55.4-61.8(58.4±2.3) 
Maximum body width 46 45.5 -51.5 (49.1 ± 1.9) 
Lip width 25.7 25.7 - 27.7 (26.3 ± 0.8) 
Lip height 9 9 - 10 (9.3 ± 0.5) 
Length of stoma 32.7 31.7 - 34.7 (32.9 f 1.0) 
Buccal cavity length 27.7 27.7 - 28.7 (28.1 	f 0.5) 
Buccal cavity width 14 14-16(15±1) 
Dorsal tooth position 21.2 20.8 - 21.8 (21.2 f 0.5) 
Pharynx length 325 282-327(317± 17) 
Nerve ring from ant. end 97 95 - 101 (97 ± 2.0) 
Cardia 9 9-10(9.5±0.5) 
Anterior gonad 94 94 - 160 (122 ± 25) 
Posterior gonad 99 94-142(113±21) 
VBD 49.5 45.5-51.5(49.1±1.9) 
Vulva-anus distance 426 381 - 485 (429 t 34) 
Rectum 26 24 - 27 (25.5 ± 1.5) 
Tail 40 32-40(36.8±2.7) 
ABD 29.7 25.7 - 31.7 (29.3 ± 1.9) 
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Fig 23. Mylonchulus irregularis sp. n. A. Entire female, B. Anterior region showing 
amphid C. Anterior region, D. Pharyngeal region, E. Female reproductive system, F. 
Female posterior region. 
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Fig 24 	tI-tionc/ilus irreguluris sp. n. A. Anterior region showing amphid. U. Anterior region 
sho% ing transverse rows of denudes. C. Buccal cavity. ft Phan ngeo-intestinal junction, 
E. Vulval region, F. Female genital branch (posterior). G. Female posterior region. LI. 
Tail tip showing spinneret (Scale bars = 20 pin). 
Summary 
The present work represents a taxonomic study of the nematodes of the 
orders Rhabditida, Tylenchida and MononchidafSoil samples were collected from 
natural forest area and orchards of the three altitude zones studied. The nematodes 
were isolated by modified Cobb's sieving and decantation and modified Baermann's 
funnel techniques. The extracted nematodes were examined under stereoscopic 
microscope. Nematodes were simultaneously killed and fixed in hot EG. Later, the 
nematodes were transferred into glycerine-alcohol (5:95) and kept in a desiccator for 
dehydration. Dehydrated nematodes were mounted in anhydrous glycerine on glass 
slides using wax as sealing material. All Measurements were made on specimens 
mounted in dehydrated glycerine with an ocular micrometer attached on an Olympus 
BX 50 DIC microscope. the Man's (1884) formula was used to denote the 
dimensions of nematodes. All morphological observations and drawings were made 
on a Nikon 80i DIC microscope and photographs were taken by ProgRcs C3 camera 
mounted on an Olympus BX 50 DIC microscope. 
In all, twelve species belonging to eleven genera, falling under three orders, 
five suborders, six superfamilies, eight families and nine subfamilies have been 	yr 
described. Of these ten species which arc new to science have been described and 	t/ 
illustrated. Besides, two known species have also been described. One known 	v 
species is being reported for the first time from India. The terminology used in the 
text to describe the parts of stoma is of De Ley et ul. (199i). 
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The systematic position of genera and species, described in the present study 
are given below 
I. Orders 
I Tylenchida 2. Rhabditida 
3. Mononchida 
II. Suborders 
1. Hoplolaimina 2. Criconematina 
3. Rhabditina 4. Diplogastrina 
5. Mononchina 
111. Superfamilies 
1. Hoplolaimoidea 2. Dolicodoroidea 
3. Criconematoidea 4. Rhabditoidea 
5. Diplogastroidea 6. Mononchoidea 
IV. Families 
1. Pratylenchidae 2. Psilenehidae 
3. Criconeinatidae 4. Rhabditidae 
5, Diploscapteridae 6. Diplogastridae 
7. Neodiplogastridae 8. Mylonchulidae 
V. Subfamilies 
1. Pratylenchinae 2, Psilenchinae 
3, Hemicriconcmoidinae 4. Rhabditinae 
5. Mesorhabditinae 6. Diploscapterinae 
7. Paroigolaimellinae 8. Neodiplogastrinae 
9. Mylonchulinae 
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VI. Genera 
1. Pratylenchu.~ 
3. Hemicriconemoicic.s 
5. Rhabditella 
7. Cruznema 
9. Paroigolaimellu 
11. Mylonchulus 
VII. Species 
1. Pratylenchus yamagutii 
3. Psilenchus aestuarius 
5. Metarhabditis indica sp. n. 
7. Mesorhabditis minicaudata sp. n. 
9. Sclerorhabditis devprayaga sp. n. 
11. Mononchoides spiculatus sp. n.  
2. Psilenchus 
4. Metarhabditis 
6. Mesorhabditis 
8. Sclerorhabditis 
10. Mononchoides 
2. Psilenchus prunicus sp. n. 
4. Hemicriconemoides reflexus sp. n. 
6. Rhabditella garhtivali sp. n. 
8. Cruznema longispicula sp. n. 
10. Paroigolaimella typica sp. n. 
12. Mylonchulus irregularis sp. n. 
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Part — B 
Ecology 
Introduction 
Life on the blue planet is contained within the biosphere which is recognized 
as a vast, highly complex and dynamic system made up of millions of species that 
occupy virtually all the earth's terrestrial and aquatic surfaces. To understand the 
functioning of such systems requires understanding the role that biodiversity plays 
in this complex system. The relationship between biodiversity and ecosystem 
functioning has emerged as a central issue in ecological and environmental science 
during the last decade. Increasing domination of ecosystems by humans is steadily 
transforming them into depauperate systems (Vitousek et al., 1997; Sala et al., 
2000). Because ecosystems collectively determine the biogeochemical processes that 
regulate the earth system, the potential ecological consequences of biodiversity loss 
have aroused considerable interest (Schlapfer & Schmid, 1999; Schwartz et al., 
2000; Loreau, 2000; McCann, 2000). 
Soil is one of the most diverse habitats on earth and contains one of the most 
diverse groups of living organisms. The perceived values of soil communities as 
ecological indicators will be increased by establishing their functional links to 
ecosystem processes (Debruyn. 1997), determining a hierarchy of geographic scale 
i 
(Neher et al., 1998) and measuring their utility across ecosystem boundaries. 
Biodiversity in soil system is high relative to above ground systems (Giller, 1996) 
and nematodes form a particular diverse component of the soil biota (Lawton et al., 
1996). They are ubiquitous, diverse, abundant, in direct contact with dissolved 
compounds in the soil water through their permeable cuticle, easily extracted and 
compose at least five trophic roles in soil food webs (Yeates etal., 1993). They have 
the potential to provide insights into soil processes and conditions (Ritz & Trudgill, 
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1999). They can serve as a model subsystem that provides a holistic measure of the 
biotic and functional status of soils (Bongers and Ferris, 1999; Neher, 2001). 
The assemblage of plant and soil nematode species found in natural or a 
managed ecosystem constitutes the nematode community. In soil, the nematodes 
dominate in number as well as species over all other soil inhabiting animals 
collectively and have occupied all possible habitats representing a very wide range 
of biological diversity. They have diverse feeding behaviors and life strategies 
ranging from colonizers to persisters (Bongers, 1990; Yeates, 1999). Due to their 
diversity in feeding habits, nematodes are an integral part of the food webs in soil 
ecosystems (Yeates etal., 1993). In almost every soil sample, nematodes form five 
trophic levels namely bacteriovers, fungivores, herbivores, predators and omnivores 
(Freckman & Bladwin, 1990). They occupy key positions in the soil food webs as 
they feed on most organisms and are food for many others. Although, nematodes 
represent a relatively small amount of biomass in the soil, their occurrence across 
multiple trophic levels is extremely important in the soil environment. Soil 
nematode communities have the potential to provide insights into many soil process 
and functions as most nematodes are active in soil throughout the year (Ritz & 
Trudgill, 1999). In the soil food webs, nematodes are involved in the transformation 
of organic matter into mineral and organic nutrients which can be taken up by plants, 
as well as in influencing plant growth and crop productivity (Ingham et al., 1985; 
Ferris et al., 1998, 2004). Due to their permeable cuticle, they are very sensitive to 
the uptake of dissolved fractions of contaminants that are accumulated in soil (Li et 
al., 2007). Therefore, nematodes afford a variety of possibilities for estimating 
changes in environmental conditions. Because of their life history, short response 
149 
time and high turn over rates (Bongers & Bongers, 1998), nematode composition 
and nematode community structure are closely related to their habitats with rapid 
response to changes in environmental conditions (Bongers & Ferris, 1999). In 
addition to this, nematodes are easy to extract from soil relative to other 
microorganisms using simple extraction procedures (Yeates & Bongers, 1999). As a 
result, soil nematode community could be used as a bioindicator of soil quality, 
biodiversity and agricultural sustainability (Bongers & Bongers, 1998; Bongers & 
Ferris, 1999; Freckman & Ettema, 1993). 
In the early history of nematology, plant and animal parasites seem to have 
received much attention because of their respective agricultural, clinical and 
veterinary significance. The free living species present in terrestrial as well as 
aquatic habitats were largely ignored due to their apparently low economic value. 
However, recent researches have shown that besides being the integral components 
of the food web in the subterranean environment, the free living nematodes have 
unique combination of favourable properties like short life cycle, high reproductive 
potential and ease of maintenance in axenic or monoxenic cultures, which make 
them excellent biological models. As a result, free living nematodes Caenorhabditis 
elegans, Panagrellus redivivus and several other species have been largely used in 
studies on developmental biology, ageing, nutrition development, molecular biology 
and toxicology. 
As awareness of the diversity and ecological significance of nematodes have 
increased, they have increasingly been used as indicators in the area of biodiversity 
and sustainahility. To assess the importance of soil nematodes in the ecosystem, we 
need to have a thorough knowledge of nematode population structure in different 
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habitats. The abundance of each species in the community can be transformed into 
ecological indices and parameters to measure the community changes in diversity 
and trophic structure and to assess soil disturbance levels and decomposition 
pathways (Comes etal.. 2003). Indices of the nematode fauna reflect changes in the 
nematode community, which is an indicator of soil and ecological processes (Yeates, 
1999). Understanding the role of nematodes in these processes is the key to 
understanding the relationship between plant and soil nematode communities. Since 
nematodes respond rapidly to new resources, the structure of nematode community 
offers an instrument to assess the conditions of soils. Increasing interest in 
biodiversity and environment concerns about maintaining the productive capacity of 
soils and interpretation of a growing knowledge of the contribution of nematodes to 
soil and ecosystem processes have resulted in the wide use of indices (Bongers, 
1990). Typical ecological indices based on proportional contribution of each 
nominal taxon such as Shanon-Weaver's index (Pielou, 1975) and Simpson's index 
are used to assess diversity (Wasilewska, 1979; Yeates, 1984). Species richness is 
assessed by using Margalef's index (Clifford & Stephenson, 1975). Maturity index 
(Ml) and plant parasitic index (PPI) provide focused tools for assessing the response 
of nematode assemblages to disturbance and had been widely applied. Application 
of community structure indices to nematode fauna has been an important step in the 
development of diagnostic tools for food webs (Sohlenius & Sandor, 1987; 
Freckman & Ettema, 1993; Gupta & Yeates, 1997; Mc-Sorley, 1997; Porazinska et 
al., 1998; Neher, 1999). 
Yeates et al. (1993) categorized nematodes into five generally recognized 
trophic groups: bacteriovers, fungivores. herbivores, predators and omnivores on the 
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basis of their feeding biology (trophic function). Within the five trophic groups. 
strong relationships are found between herbivores and fungivores, between 
herbivores and predators and between fungivores and predators (Gomes et al., 
2003). The ratio between abundance of two functional groups i.e., bacteriovore and 
fungivore, gives an index of the relative contribution of the channels. It is expressed 
as Nematode Channel Ratio (NCR). NCR can be a powerful tool in analyzing both 
ecosystem processes and nematode assemblages (Yeates, 2003). Based on life 
strategy, Bongers (1990) classified nematodes along a colonizer-persister (c-p) 
continuum of 1-5. On the basis of this strategy, nematodes can be scaled from 
colonizer (r-strategists) to persisters (k-strategists). The weighted mean of these 
values gives an indication of the stability of the ecosystem from which the sample 
originates (Bongers, 1990). When food webs become enriched there is a flush of 
microbial activity and bacterial feeding enrichment opportunists representing the Ba i 
guild (Rhabditidae, Panagrolaimidae & Diplogasteridac) are enhanced (Bongers & 
Ferris, 1999; Ferris et al., 2001). They are classified as c-p I organisms, 
characterized by short generation time, large gonad volume, small eggs and high 
fecundity, high rates of mobility and metabolic activity and almost constant 
ingestion of their microbial suspension in soil solution and have the ability to enter a 
non feeding, inactive dauer larvae as resources are diminished. As microbial blooms 
fade, enrichment-oppurtunist bacteriovores may be replaced by general-opportunist 
with specialized morphological, physiological and behavioral adaptations for more 
deliberate feeding on less-available resources. The general-opportunist nematodes, 
classified as c-p 2, are predominantly bacterial scavengers in the Cephalobidae and 
fungal-feeders in the Aphelenchidae. Aphelenchoididae and Anguinidae. Increased 
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abundance of fungal-feeding opportunists occurs when the available organic pool is 
conductive to fungal decomposition as, for example, when complex organic material 
becomes available in the soil or when fungal activity is enhanced under conditions 
less favourable for bacterial decomposition (Fitminavieute et al., 1976; Wasilewska 
et al., 1981). In fact, nematodes in the general-opportunist guild commence to 
increase with the initial enrichment, but at slower rate than the enrichment 
opportunists so that they become successionally predominant as the latter guild is 
declining (Bongers. 1990; Ferris et al., 1996, 2001; Bongers and Bongers, 1998; 
Bongers and Ferris, 1999; Chen and Ferris, 2000). 
The c-p classification of nematodes leads to the formation of the maturity 
index (MI), which is a weighted mean frequency of c-p scaling across the entire 
nematode community and provides the information of the likely condition of the soil 
environment (Bongers,1990). The development of MI represented a significant 
advancement in interpreting the relationship between the ecology of nematode 
communities and functions of the soil (Neher et al., 2005). Calculation of the MI 
index also assumes a progression of soil conditions from stressed or polluted to 
pristine exactly similar with the continuum of nematode life history characteristics in 
the c-p classification as suggested by Bongers (1990). Various case studies (Bongers 
et al., 2001) suggest that the MI is decreased by pollution (sewage waste, oil, heavy 
metals) but increases during the colonization process. Such shifts in the MI reflect 
deterioration or recovery of a nematode assemblage and because of the ecological 
diversity of the nematode fauna, represent the whole habitat from which the sample 
is taken. Ferris etal. (2001) observed that the most abundant nematode taxa under 
stressed conditions are those in c-p 2, while the enrichment opportunists (c-p 1) 
153 
respond positively to disturbances that result in enrichment of the food web. 
Therefore. in an attempt to improve the indicator capabilities of nematodes, Ferris et 
al. (2001) assigned weights to indicator nematode guilds representing basal, 
enriched and structured conditions of the food web (Table 1). This concept leads to 
the development of food web indices including enrichment index (EI) and structure 
index (SI). El is based on the expected responsiveness of the opportunistic guilds 
(bacterivore nematodes with c-p 1) to organic resources enrichment. Therefore, El 
describes whether the soil environment is nutrient enriched (high EI) or depleted 
(low El). SI represents an aggregation of functional guilds with c-p values ranging 
from 3-5 and describes whether the soil ecosystem is structured with greater trophic 
links (high SI) or degraded (low SI) with fewer trophic links (Ferris et al., 2001). 
Further, Ferris et al. (2001) also proposed the channel index (CI), which is a 
percentage of fungivores among the total fungivores and c-p I opportunist 
bacteriovores. CI indicates predominant decomposition channels in the soil food 
web, a high CI (>50 %) indicates fungal decomposition channels whereas low CI 
(<50 %) suggests bacterial decomposition channels. In later studies use of these 
indices provided critical information about below ground processes in distinct 
ecosystems (Bulluck et al., 2002; Ferris & Matute, 2003; Neher et al., 2005). 
Decomposition of organic matter may proceed through different channels in 
the soil food web. At one extreme, materials of high cellulose and lignin content and 
high C:N ratio are decomposed through fungal dominated pathways, at the other 
extreme moist. N-enriched tissues are decomposed through bacterial dominated 
pathways (Wardle and Yeates. 1993). Nematode faunal analysis is easily applicable 
to such higher resolution food web diagnostics. The ratio of fungal to bacterial 
154 
feeding nematodes has been used as an indicator of decomposition pathways 
(Freckmen & Ettema, 1993: Neher & Campbell, 1994; Todd, 1996). The percentage 
of the opportunistic nematode grazing on fungi and bacteria (Fu2 & Bai), weighted 
by their fecundity and life course characteristics that is represented by Fug, is 
indicated by channel index (CI). 
The EI assess food web response to available resources and the CI indicates 
the predominant decomposition pathways. The two indices, in combination, provide 
a powerful basis for assessing soil fertility levels, nutrient availability, nutrient 
leaching potential and necessary adjustments of C or N to alter these conditions. 
They have the attractive feature that they do not require total faunal analysis or 
identification of nematodes in all, functional guilds. The indices are based solely on 
the abundance of the Bai guild (primarily Rhabditidae, Panagrolaimidae and 
Diplogastridae), the Fug guild (primarily Aphelenchidae, Aphelenchoididae and 
Anguinidae) and the Bat guild (primarily Cephalobidae). The SI can also be used 
independently of the faunal profile to represent time course progressions in the 
structure of the soil food web in response to disturbances and during remediation. 
The present study has been done with an aim to compare the population 
dynamics, faunal analysis and community composition of the soil inhabiting 
nematodes from three different altitude zones of the state of Uttarakhand with a 
comparative study of the nematode fauna of two different habitats (forests and 
orchards) at the same altitude zone (altitude zone 2) to assess the role of nematodes 
as indicators of soil conditions and effects of altitude on nematode communities. 
I» 
Jfistorica(Background 
Thorough studies have been done on ecology and functional biodiversity of 
nematodes associated with forest soil in the past decade in several countries. Some 
important records of nematode genera from spruce forest with difference of its 
temperature and altitude were 50 species from spruce wood in Germany (Bassus. 
1962), 34 species (Solovyeva. 1986) and 163 species (Novicova, 1970) in Spruce 
forest in Russia (Moscow region). Bassus (1969) described several new and known 
species of plant parasitic nematodes from forest nurseries in East Germany. Reports 
of the species diversity from forest soil include 79 species for a Danish forest 
(Yeates, 1972), 175 species for an Oak forest from Tippecanoe County (Johnson et 
al., 1972), 92 species from Slovakian forests (Saly, 1975) and 106 species from 
South West Germany (Ruess, 1995). 
Wasilewaska (1979) studied nematode communities in different soil 
ecosystems and found a distinct increase of fungal to bacterial feeder ratio from 
grassland to cropland to forest. Sohlenius (1980), in his study of managed forest 
ecosystems found that the bacteriovores are numerically dominated group. 
Magnusson (1983) studied abundance and trophic structure of nematodes in a 15-20 
years old pine forest and found that the fungal feeders are numerically dominated 
group. Sohlenius & Wasilewska (1984) studied the influence of irrigation and 
fertilization on nematode community in a 25 years old pine forest of Central 
Sweden. Lownsbery & Lownsbery (1985) studied plant parasitic nematodes 
associated with forest trees in California. Hyvgnen & Huhta (1989) and Hyvonen & 
Persson (1990) studied the effects of liming and fertilization on nematode 
communities in coniferous forest soils. 
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de Goede & Kamerman (1990), de Goede & Dekker (1991), de Goede et al. 
(1993). de Goedge & Bongers (1994). de Goede (1995, 1996) and de Goede & van 
Dijk (1998) studied various aspects of nematode ecology. Andrassy (1995), a 
renowned nematologist. studied the nematode fauna from Peruvian Rain Forest and 
described some nematode species. Price & Siddiqi (1994) studied the Rain forest 
nematodes from Korup National Park, Cameroon and reported 153 species 
representing 119 genera and 16 orders of nematodes. Siddiqi (1993a, 1993b, 1994 & 
1995) described a large number of new genera and species from different tropical 
forests of the world. 
Hanel (1993-2004. 2008 & 2010) published a series of papers on various 
aspects of nematode ecology. Annendariz et al. (1996) analyzed the distribution and 
frequency of the different nematological groups in Pine Forest of Navarra (Spain) 
while Armendariz & Arpin (1996) studied nematode communities and their 
relationship to forest dynamics. Brzeski etal. (1996) studied nematode fauna of the 
primeval forest of Puszcza Bialowieska in North Eastern Poland and recorded 215 
species for the first time from this area. Bloemers et al. (1997), Sohlenius (1997) and 
Lawton et al. (1998) studied the biodiversity and effects of habitat modification on 
nematode fauna of tropical forests. Gobbi & Brugni (1996) studied the seasonal 
fluctuations of nematode trophic groups from forest of Cypres in Argentina. 
Stollarova et al. (1997) studied nematode community structure in forests of Kosice 
region and recorded that of the total population, 20% were herbivorus, 9% 
bacteriovorus, 7% fungivorus, 40% omnivorus and 22% predators and compared 
distribution and abundance of plant parasitic nematodes in Forest and Fruit nurseries 
of Slovakia in 1999. 
157 
Wegensteiner et al. (1998) studied the soil microorganisms and nematodes in 
forest soils from Austria. Alphei (1998) compared the nematode communities of two 
beech forest soils in the same geographic and climatic region. Clausi and 
Vinciguerra (1999), Forge & Simard (2000, 2001) and Sohlenius (2002) studied 
nematode communities of forest soil in relation to clear cutting while Panesar et al. 
(2000. 2001) used soil nematodes as indicators of possible differences in 
biodiversity in several stages of Douglas-fir forests at three chronosequence sites on 
southern Vancouver Island, British Coulambia. Sohlenius & Bostrom (2001) 
recorded annual and long term fluctuations of the nematode fauna in a Swedish pine 
forest soil while Matlack (2001) studied the impact of forest management practices 
on the soil nematode community. Bjernlund el al. (2002) compared the soil 
nematode communities of natural beech forests and managed beech forests. Raty & 
Huhta (2003) recorded nematodes of Anthropogenous birch strands in Central 
Finland while Ruess (2003) compared decomposition pathway of different 
ecosystems. He recorded values of CI in Crop Field, Grassland and Forest as 18, 24 
& 50 respectively. Gwyther (2003) studied nematode assemblages in a temperate 
mangrove forest in south-eastern Australia. Ettema & Yeates (2003) estimated 
generic diversity of nematodes in a New Zealand forest. 
Hoschitz and Kaufman (2004) compared nematode communities of five 
alpine habitats while Eroshenko and Volkova (2004) investigated nematode 
communities in coniferous broad leaf forest of Russia (Moscow region). Lazarova et 
al. (2004) studied spatial distribution of nematode communities of a natural oak 
forest in Bulgaria. Neher et al. (2004) & Li et al. (2007) studied the effects of 
elevated CO, on nematode communities while Neher ei al. (2005) studied effects of 
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ecosystem type on soil nematode communities. De Deyn et al. (2004) and Viketoft 
et al. (2005. 2009 & 2011) studied the effect of plant species diversity on different 
trophic levels of nematodes in the soil food web. Bernard & Schmitt (2005) 
investigated nematode assemblages in four native plant communities (in decreasing 
elevations: montane bog, rain forest, wet mesic forest and drier forest). Ritter & 
Bjornlund (2005) studied small scale spatial variation in nitrogen availability, 
substrate induced respiration and population dynamics of nematodes in a semi 
natural beech-dominated forest in Denmark. Ou et al. (2005) studied the vertical 
distribution of soil nematodes under different land use types in an aquatic brown soil 
of Northeast China and found that the number of total nematodes and trophic groups 
exhibited a gradual decrease with depth. Yeates (2007) studied the abundance, 
diversity and resilience of nematode assemblages in forest soils. Li et al. (2009) 
studied the impact of canopy photosynthates on soil nematode communities in a 
subtropical evergreen broad leaved forest of southwest China while Powers et al. 
(2009) estimated the nematode diversity in the lowland tropical rainforest of Costa 
Rica. Marek cat al. (2011) studied the nematode communities in 27 birch forests in 
the Slovak and Czech Republics while Zhang et al. (2012) studied soil nematode 
abundance and diversity in different forest types at Changbai Mountain in China. 
Research on soil nematodes associated with fruit trees is focused on various 
aspects, including their occurrence and geographical distribution (Ivanova & 
Choleva 1999, Lamberti el al. 2001; Kumari, 2004), their effects on fruit trees and 
rootstock susceptibility (Rubio-Cabetas et al. 1999; Gomez et al. 2000; Sasanelli et 
al. 1999, 2003, 2006). replant problems (Nyczepir & Becker 1998; Pacholak & 
Zvdlik 2004), virus transmission (Taylor & Brown 1997; Kunz 2003) and control 
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strategies (Nyczepir 1991; Greco et al. 1993; Kluepfel et al. 2002), but knowledge 
of the diversity and ecological role of soil inhabiting nematodes is still limited. 
There are some sporadic reports of study of nematode communities associated with 
fruit trees. 
Chitwood (1949) studied the effect of ring nematode on peach orchards 
while Gooheen and Braun (1956) studied some plant parasitic nematodes associated 
with strawberry plants in woodlands in Maryland. Colbran (1958) investigated plant 
parasitic nematode fauna associated with fruit orchards in Queensland. Malo (1963) 
studied the pathogenic nematodes associated with peach trees in Florida. Mountain 
& Patrick (1959), Stokes (1966) and Fliegel (1969) studied population dynamics and 
pathogenicity of Pratylenchus in peach orchards. Mc Elroy (1972) investigated 
nematodes of tree fruits and small fruits. Barker & Clayton (1973) investigated plant 
parasitic nematodes associated with peach in North Carolina. Sharma (1973, 1974 & 
1976) published a series of papers on nematodes associated with different fruit crops 
from Brazil. Grandison & Wallace (1974) studied the distribution and abundance of 
Pratylenchus thornei in fields of strawberry. 
V 
McSorley (1979) studied nematode communities associated with Tahiti lime 
and banana. McSorley el al. (1981) studied plant parasitic nematodes associated 
with mango trees. In 1982. they studied nematodes associated with tropical and 
subtropical fruit trees in South Florida. Niblack & Bernard (1982 & 1985) studied 
nematode community structure in dogwood, maple and peach nurseries in 
Tennessee. Hashim (1983) investigated plant parasitic nematodes associated with 
pomegranate and olive in Jordan while Khan et al. (1987) studied date palm 
nematodes in Baluchistan and Edongali (1989) observed nematodes of olive trees in 
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Libya. Queneherve (1990) studied population and spatial arrangement of nematodes 
around banana plants in the Ivory Coast. Pena-Santiago (1990) studied plant 
parasitic nematodes associated with olive in Spain. 
Forge et al. (1998) studied the vertical distribution of Pratylenchus 
penetrans under raspberry and later studied effect of organic mulches on nematode 
communities in the root zone of apple (Forge et al. (2008). Park et al. (1999, 2002 & 
2005) studied distribution of plant parasitic nematodes in orchards in Gyongbuk 
province. Korea. Cho et al. (2000) investigated distribution of plant parasitic 
nematodes in fruit vegetable production area in Korea and identified root-knot 
nematodes by enzyme phenotypes. Talwana et al. (2000) studied nematode 
population distribution around banana in Uganda while Araya et al. (2002) studied 
occurrence and population densities of nematode parasites of banana. Araya & De 
Waele (2004) studied spatial distribution of nematodes in banana in Costa Rica. 
Mokbel et al. (2006) studied plant parasitic nematodes associated with some fruit 
trees in northern Egypt and found that Tylenchulus semipenetrans was predominant 
in the citrus soil while Meloidogyne spp. were the most prevalent nematodes in 
watermelon and banana soil and Tylenchorhynchus spp. and Pratylenchus spp. were 
very common in apple and pear soil samples. Likova et al. (2007) studied the 
occurrence of plant parasitic nematodes on fruit trees in Slovakia. 
Little is known about the diversity and ecological role of plant parasitic and 
soil nematodes associated with fruit trees and forests in India. There has never been 
a thorough survey of orchards and forests of Uttarakhand region. 
fly 
Rashid et al. (1973) studied plant parasitic nematodes associated with 
vegetables, fruits, cereals and other crops in North India, Uttar Pradesh. Baghel and 
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Bhatti (1981 & 1982) studied vertical and horizontal distribution of phytonematodes 
associated with citrus. Samathanam and Chawla (1982) studied community analysis 
of soil and plant parasitic nematodes of hilly areas of southern districts of Tamil 
Nadu and provided information about the absolute and relative frequency, density, 
biomass. prominence and importance values of 45 different nematode species which 
are identified under 26 genera, 17 families and 3 orders. Mukherjce & Dasgupta 
(1983) studied community analysis of nematodes associated with banana plantation 
and Dasgupta et al. (1985) studied plant parasitic nematodes associated with 
horticultural crops in West Bengal. Ghorab et al. (1987) studied seasonal fluctuation 
of plant parasitic nematodes associated with mango. Pradhan and Dash (1987) 
studied the nematode communities of tropical forests of Sambalpur. Darekar el al. 
(1990) studied nematodes associated with fruit crops in Maharashtra. Mani and 
Kumar (1990) studied plant parasitic nematodes associated with groundnut in 
Chittoor and Nellore districts of Andhra Pradesh. Thapa and Ganguly (1990 & 1993) 
investigated nematode fauna of forests around Dehradun. Khan and Khanna (1997) 
studied nematodes associated with citrus crop while Khan (2003) studied plant 
parasitic nematodes associated with strawberry from Himachal Pradesh. Waliullah 
and Kaul (1997) studied nematodes associated with cherry plants and Waliullah 
(2005) studied nematodes associated with kiwi fruit in the Kashmir Valley. 
Srivastava et al. (2000) studied seasonal population dynamics of plant 
parasitic nematodes associated with litchi in Doon Valley while Rama and Dasgupta 
(2000) investigated population ecology and community structure of plant parasitic 
nematodes associated with coconut and arecanut in northern West Bengal. 
Sivakumar el al. (2002) studied biodiversity of nematode fauna in Tamil Nadu range 
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of Nilgiris biosphere. Kumar et al. (2003, 2004) investigated the occurrence of plant 
parasitic and free living nematodes on temperate fruits and aromatic plants at 
Chaubattia respectively. Sharma and Kashyap (2004) studied the population 
dynamics of phytoparasitic nematodes in kiwi fruit from Himachal Pradesh. Nayak 
et al (2004) studied plant-parasitic nematodes associated with forests around 
Bhubncswar, Nandwana et al. (2005) studied community analysis of nematodes in 
sugarcane ecosystem in Bundi district of Rajasthan. Tomar et al. (2006) reported 
diversity of nematodes at a Mango orchard in Aligarh. Sundararaju (2006) studied 
community structure of plant parasitic nematodes associated with banana plantation 
in Andhra Pradesh. Saha et al.. (2006) studied nematode communities associated 
with litchi at Muzaffamagar, Uttar Pradesh while Devi (2007) studied community 
analysis of plant parasitic nematodes in pineapple ecosystem in Meghalaya. Sen et 
al. (2007) investigated the relative abundance of Tylenchida, Dorylaimida and 
Mononchida populations of guava orchards from West Bengal. Baniyamuddin et al. 
(2007) studied functional diversity of nematodes of natural forests in Arunachal 
Pradesh. Rizvi (2008) studied nematode communities from sal forest of Dehradun. 
Tomar & Ahmad (2009) studied nematode community in a natural woodland of 
Aligarh region, and reported it to he a stable ecosystem on the basis of maturity and 
plant parasitic indices. Negi et at (2009) studied community analysis of plant 
parasitic nematodes associated with Chir Pine in natural forests of Himachal 
Pradesh. Khan & Hasan (2010) and Gantait et al. (2011) studied plant and soil 
nematodes associated with banana from West Bengal. 
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Soil Sampling: Soil samples from natural forest of the three altitude zones studied 
were collected from a depth of 5-15 cm using a hand spade. 10 sites at a distance 
from each other were selected in each zone. From each site three replicates of 
samples were collected from which a composite sample was made after thorough 
mixing of the replicates. Likewise, 10 sites were selected in the orchards in zone 2 
and samples were collected in the similar manner. This was done to compare the 
nematode community structure between the natural forest areas and the orchards 
which is used mainly for commercial production of different fruits. Samples thus 
collected were tagged, stored in sealed plastic bags and brought to the laboratory for 
further processing. 
Processing of soil samples: Samples were processed by Cobb (1918) sieving and 
decantation and modified Baerman's funnel techniques. From each large sample, a 
sub-sample of 100 cc was taken and mixed thoroughly with water in a bucket taking 
care to remove debris and small stones and break the large clods and soil crumbs. 
The bucket was then filled with water and the suspension was stirred to make it 
homogenous. The mixture was kept undisturbed for about half a minute so as to 
allow heavy particles to settle down at the bottom of bucket, The suspension was 
then passed into another bucket through a coarse sieve (2 mm pore size) which 
retained large debris, roots and leaves etc. The suspension in the second bucket was 
stirred thoroughly and was kept undisturbed for 30 seconds and then poured through 
a fine sieve of mesh number 300 (pore size 53 µm). Nematodes and very fine soil 
particles were retained on the sieve: the residue was then collected in a beaker. This 
step was repeated 2 to 3 times for good recovery of nematodes. 
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Isolation of nematodes: The residue collected in the beaker was poured on a small 
coarse sieve lined with tissue paper. This sieve was then placed on a Baermann's 
funnel containing water sufficient to touch the bottom of the sieve. Special care was 
taken to avoid trapping air bubbles at the bottom of the sieve. The stem of the funnel 
was fitted with a rubber tubing provided with a stopper. The nematodes migrated 
from the sieve into the clear water of the funnel and accumulated at the bottom. 
After 24 hours, a small amount of water was drained into a cavity block through the 
rubber tubing. The nematodes thus isolated were fixed and processed for mounting 
on slides. 
Killing and fixation: The collected nematodes in cavity blocks were left 
undisturbed for a few minutes so as to allow them to settle down at the bottom. 
Excess water was removed using a fine dropper and the hot FG fixative (8 ml of 
40% commercial formaldehyde + 2 ml of glycerol + 90 ml of distilled water) was 
poured into the cavity block. This simultaneously killed and fixed the nematodes. 
Counting of Nematodes: Population count of nematodes was made using Syracuse 
counting dish. The suspension was made homogenous by bubbling with pipette 
thoroughly before taking 2 ml of nematode suspension in the dish for counting. 
Counting of each sample was done three times and mean was obtained. The final 
population was obtained by multiplying final quantity of nematode suspension (50 
ml) with mean number of nematodes counted and dividing by the quantity of 
suspension used for counting (2 ml). 
Identification: Mass slides containing about two hundred nematodes per sample 
were prepared for identification. Identification up to generic level was done mainly 
using Goode (1963); Andrassy (1984, 2005), Jairajpuri & Ahmad (1992); Ahmad 
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(1996): Siddiqi (2000). Ahmad & Jairajpuri (2010). Trophic group were allocated 
according to Yeates et al. (1993) and cp groups were assigned after Bongers (1990). 
Data Analysis: Nematode diversity was described using the univariate measures of 
the Shanon index calculated at genus level (H'). Diversity indices were calculated by 
SPECDIVE and other indices using MS Excel and correlations using SPSS. 
Nematodes were assigned to five main trophic groups (bacteriovores, fungivores, 
herbivores, omnivores and predators) after Yeates et al. (1993). Maturity index was 
calculated to estimate the relative state of the soils of three altitude regions studied. 
Trophic diversity was calculated by the trophic diversity index, (TDI) (Heip et al., 
1988). The channel index (CI) was calculated to indicate predominant 
decomposition pathways (Ferris et al.. 2001). Enrichment index (EI), Basal index 
(BI) and Structure index (SI) were calculated to determine the relative stability of 
the ecosystem studied (Ferris et al., 2001). In all the above-mentioned indices, 
nematode families were allocated cp scale according to their perceived life history 
strategy. 
Detailed description of the formulae used are given below 
Frequency (N): Frequency of nematode genus (i.e, the number of samples in which 
the genus was present). 
Mean density (D): Number of nematode specimens of the genus counted in all 
samples / total number of the samples collected 
Shannon's diversity (H') = —E (pi In p1) 
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Maturity Index (MI) 
MI = Y-V(i).f(i) 
Where Vi= cp value of the ith taxon. 
f(i) the frequency of that taxon in a sample 
* Maturity index (Ml) is calculated as the weighted mean of the individual 
cp value. 
Plant Parasitic index (PPI) 
PPI = I PPiXi l > Xi 
Where, Ppi = PP value assigned to taxon i according to Bongers (1990). 
Xi = abundance of taxon i in the sample. 
Enrichment index (El) 	= (e/e+b) x 100 
Structure index (SI) 	= (s/s+b) x 100 
Basal index (BI) 	 = (b/b+e+s) x 100 
where e, b & s are sum products of assigned weights and number of 
individuals of all genera (Table 1). 
Channel index (Cl) 	= 100 x 0.8 Fug / (3.2Ba2 + Fu2) 
Trophic Diversity index ('I'UI) = I /Fpi2 
where pie is the proportional contribution of i,,, trophic group. 
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Table 1: Nematode functional guilds in different Food web conditions. 
Basal (b) 	 Structured (s) 	 Enriched (e) 
Ba2- Cephalobidac 	 Ba3- Prismatolaimidae 	Bat- Rhabditidae, 
Panagrolaimidae 
Fu2- Aphelenchidae, 	 Fu3- Diptherophoridae 
Aphelenchoididae 
Anguinidae. 
Fu4- Leptonchidae 
Pr2- Aphelenchid Carnivores 
Pr3- '1'ripylidae 
Pr4- Mononchidae 
Pr5- Discolaimidae 
Om4- Dorylaimidae 
Om5- Thornenematidae, 
Qudsianematidae 
The numbers used in the table denotes the assigned c-p value to the trophic groups 
as follows: 
Ba- Bacteriovores 
Fu- Fungivores 
Pr- Predators 
Om- Omnivores 
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results 
Site Description: The study area (Uttarakhand) is divided into three altitude zones 
to study the effects of different altitudes on nematode communities. 
Zone 1: At zone 1. the altitude ranges between 300-1000 m asl. In this zone, soil 
samples were collected from the natural forest areas of Haridwar, Pauri Garhwal, 
Tehri Garhwal. Bageshwar and some parts of Dehradun districts. The vegetation of 
the zone largely consists of tropical and subtropical deciduous forests which mainly 
consist of sal (Shorea robusta), khair (Acacia catechu), shisharn (Dalbergia sissoo), 
sagon (Tectona grandis) and haldu (Haldina cordifolia). 
Zone 2: At zone 2, the altitude ranges between 1000-2000 m asl. This altitude range 
and climatic condition is very suitable for the production of different kinds of sub-
tropical and temperate fruits resulting in many orchards of different fruit types there. 
Therefore, nematode communities of natural forests and fruit orchards ecosystems 
were also compared from this zone. In this zone, soil samples were collected from 
the natural forest areas of Almora, Champawat, Pithoragarh and some parts of 
Chamoli district. Vegetation of the zone in the natural forest areas largely consists of 
subtropical and temperate forests which are mainly dominated by chir pine (Pinus 
roxburghii) followed by oak (Quercus spp.). In the cultivated orchards, a variety of 
sub-tropical and temperate fruits like apple (Malus domeslica), pear (Pyrus 
communis), peach (Prunus persica), plum (Prunus salicina), apricot (Prunus 
armeniaca), walnut (Juglans regia) and other nut species, mango (Mangifera 
indica), litchi (Litchi chinensis) and citrus fruits etc. are also grown in large 
quantities. 
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Zone 3: At zone 3, the altitude ranges between 2000-3000 m as). In this zone, soil 
samples were collected from the natural forest areas of Uttarkashi, Nainital and 
some parts of Chamoli and Dehradun districts. Vegetation of the zone largely 
consists of deodar (Cedrus deodar), various species of oak (Quercus spp.), silver 
fir (Abies pindruw), spruce (Picea smithiana) and blue pine (Pinus wallichian) etc. 
Physical features of the three zones 
S. No. Altitude Zones Altitude (m) I 	Climate Zone 	Soil Types 
I Zone I Alluvial soil mixed 
(Tro ical Zone) 300 - 1000 Moist -Dry with boulder 
11 Zone 2 1000-2000 Dry -Temperate Sandy Loam (Sub tro ical Zone) 
III Zone ' 2000 - 3000 Moist - Temperate Red to dark black (Tcrates Zone) Clay 
Nematode Diversity 
Zone I 
During the present course of study a total of 67 genera belonging to 11 
orders and 39 families were recorded from the soil samples collected from natural 
forests in zone I. The number of genera varied from 17 to 28 per sample while in 
terms of abundance, the number varied from 568 to 1091 individuals per 100 cc of 
soil. 
The Dorylaimida (41%) represented the most ahundant order (Fig. I-A), 
followed by Rhabditida (26%), Tylenchida (8°%), Aphelonchida (7%), Mononchida 
(5%), Enoplida (4%), Araeolaimida (3%), Alaimida and Monhyslerida (2% each) 
and Chromadorida and Triplonchida (1% each). 
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In terms of genera (Fig. 1-II), the order Dorylaimida was most frequent 
(35%) with 24 genera under 10 families, followed by Rhabditida (18%) with 12 
genera under 5 families, Tylenchida (15%) with 10 genera under 6 families, 
Ameolaimida (9%) with 6 genera under 4 families, Mononchida (7%) with 5 genera 
under 4 families, Aphelenchida (4%) with 3 genera under 3 families, Enoplida (3%) 
and Monhysterida (3%) were represented by 2 genera under 2 families each, while 
Alaimida (2%), Chromadorida (2%) and Triplonchida (2%) were represented by l 
genus each. 
Zone 2 
f A total of 56 genera belonging to 10 orders and 36 families were recorded 
from the soil samples collected from natural forests in zone 2. The number of genera 
varied from 18 to 23 per sample while in terms of abundance, the number varied 
from 544 to 1023 individuals per 100 cc of soil. 
In terms of abundance (Fig. I-C), Dorylaimida (43%) was most abundant, 
followed by Rhabditida (25%), Aphelenchida (13%). The other orders were 
represented by less than 10% such as Mononchida (7%), Enoplida (4%), Tylenchida, 
Alaimida and Araeolaimida (2% each) and Monhysterida and Chromadorida (1% 
each). 
Genera-wise also the order Dorylaimida was most frequent (30%) with 17 
genera under 8 families (Fig. 1-D), followed by Rhabditida (21%) with 12 genera 
under 5 families, Tylenchida (14%) with 8 genera under 6 families, Mononchida 
(9%) with 5 genera under 5 families, Aphelenchida (5%) with 3 genera under 3 
families, Araeolaimida (5%) with 3 genera under 2 families, Chromadorida (4%), 
171 
Enoplida (4%) and Monhysterida (4%) were represented by 2 genera under 2 
families each. while Alaimida (4%) were represented by 2 genera under 1 family. 
Samples collected from orchards in the zone 2 yielded a total o154 nematode 
genera belonging to II orders and 41 families. The number of genera varied from 17 
to 25 per sample while in terms of abundance, the number varied from 454 to 1011 
individuals per 100 cc of soil. 
In this zone dorylaims (26%) remained the most abundant (Fig. 2-A), but 
tylenchs (25%), rhabditids (22%), aphelenchids (14%) were also in good abundance. 
The mononchs (4%), enoplids, araeulaimida and monhysterids (2% each) and 
alaimids, chromadorids and triplonchids (1% each) were substantially reduced. 
In terms of genera (Fig. 2-B), the order Dorylaimida was most frequent 
(29%) with 19 genera under 9 families, followed by Tylenchida (22%) with 15 
genera under 10 families, Rhabditida (16%) with 10 genera under 6 families. The 
Mononchida (8%) with 5 genera under 4 families and Aracolaimida (8%) with 5 
genera under 2 families were more diverse than the Aphelenehida (5%) with 3 
genera under 3 families. Enoplida (3%) and Monhysterida (3%) were represented by 
2 genera under 2 families each, while Alaimida (2%), Chromadorida (2%) and 
Triplonchida (2%) were represented by I genus each, represented minimal generic 
diversity. 
Zone 3 
In zone 3, a total of 58 genera belonging to 11 orders and 39 families were 
recorded from the soil samples collected from natural forests. The number of genera 
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varied from 16 to 23 per sample while in terms of abundance, the number varied 
from 404 to 963 individuals per 100 cc of soil. 
Dorylaimida (46%) represented the most abundant group (Fig. 2-C), 
followed by Rhabditida (21%). Aphelenchida (10%), Mononchida (7%), Tylenchida 
(6%), Enoplida (3%), Alaimida and Araeolaimida (2% each) and Monhysterida, 
Chromadorida and Triplonchida (l°% each). 
Genera-wise the order Dorylaimida was most frequent (36%) with 21 genera 
underlO families (Fig. 2-D), followed by Rhabditida (19%) with 11 genera under 6 
families. The Tylenchida though less abundant showed greater diversity (14%) with 
8 genera under 5 families than Mononchida (7%) with 4 genera under 4 families and 
Aphelenchida (5%) with 3 genera under 3 families. Araeolaimida (5%) and Enoplida 
(5%) were represented by 3 genera under 3 families each, Chromadorida (3%) with 
2 genera under 2 families while Alaimida (2%), Monhysterida (2%) and 
Triplonchida (2%) were represented by I genus each. 
Trophic Diversity 
In zone 1, the bacteriovores (30%) constituted the most dominant group (Fig 
3-A) followed by predators (24%), omnivores (18%), herbivores (16%) and 
fungivores (12%). In terms of number of individuals (Fig. 3-8), bacteriovores (31%) 
was the most abundant group, followed by omnivores (21%), fungivores (20%), 
predators (18%) and herbivores (10%). The trophic diversity index (TDI) of the zone 
ranged from 1.10-1.24 (1.15 ± 0.04). Among bacleriovores. Acrobeloides was the 
most dominant genus while Helicatylenchus, Dorylaimelus, Eudorylaimus and 
Aporcelaimelhus were most dominant genera among herbivores, fungivores, 
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omnivores and predators respectively. The least dominant genera among 
bacteriovores. herbivores, onmivores, fungivores and predators were 
Geomonhystera, Malenchus, Cephaludorviaimus, Diptherophora and Solididens 
respectively (Table 2). 
In the natural forest region of zone 2, bacteriovores (36%) constituted the 
most dominant group genera-wise (Fig. 3-C) followed by predators (22%). 
omnivores, herbivores and fungivores (14% each). In terms of number of individuals 
(Fig. 3-D), bacteriovores (31%) was the most abundant group, followed by 
fungivores (29%), omnivores (23%), predators (14%) and herbivores (3%). The 
trophic diversity index (TDI) of the zone ranged from 1.10-1.25 (L.17 t 0.01). 
Among bactcriovores the genus Acrobeloides was the most dominant while the 
genera Xiphinema, Aphelenchus, Mesodorylaimus and My/one/in/us were most 
dominant among herbivores, fungivores, omnivores and predators respectively. The  
least dominant genera among bacteriovores, herbivores, omnivores, fungivores and 
predators were Poikilolaimus, Heminriconemoides, Enchodelus, Tylencholairnus and 
Discolaimoides respectively (Table 2). 
the orchards of zone 2, herbivore genera (28%) constituted the most 
dominant group (Fig. 4-A) followed by bacteriovores (27%). predators (20%), 
omnivores (14%) and fungivores (11%). In terms of number of individuals (Fig. 4-
B), bacteriovores (28%) was the most abundant group, with herbivores (24%), 
fungivores (23%), omnivores (15%) and predators (10%). The trophic diversity 
index (TDI) of the zone ranged from 1.11-1.24 (1.17 ± 0.04). Among bacteriovores 
the genus Acrobeloides was the most dominant while the genera Tylenchorhynchus, 
Aphelenchus, Mesodorvlaimus and AIylonchulus were most dominant among 
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herbivores, fungivores, omnivores and predators respectively. The least dominant 
genera among bacteriovores, herbivores, omnivores, fungivores and predators were 
Maerolaimellus, A4elnidogyne, Thonus. Tylencholaimus and Crypwnchus 
respectively (fable 2). 
In zone 3, bacteriovores (28%) constituted the most dominant group of 
genera (Fig. 4-C) followed by predators (22%), omnivores (17%), herbivores (17%) 
and fungivores (16%). In terms of number of individuals (Fig. 4-D), fungivores 
(27%) and bacteriovores (27%) were the most abundant groups, followed by 
omnivores (26%), predators (16%) and herbivores (4%). The trophic diversity index 
(TDI) of the zone ranged from 1.09-1.29 (1.20 t 0.06). Among bacteriovores the 
genus Acrobeloides was the most dominant while the genera Xtphinema, 
Aphelenchus, Mesodorylaimus and Aporcelaim1Ius were most dominant among 
herbivores, fungivores, omnivores and predators respectively. The least dominant 
genera among bacteriovores, herbivores, omnivores, fungivores and predators were 
Plecrus, Longidorus, Dorylaimus, Rogueus and Koerneria respectively (Table 2). 
Nematode Community Dynamics 
In zone 1, the Shanon's Diversity Index (H') varied from 2.61-3.05 (2.81 ± 
0.15), the maturity index (Ml) ranged from 2.82 - 3.69 (3.26 ± 0.29), the plant 
parasitic index (PPI) varied from 2.00 — 5.00 (3.41 ± 0.93) and the PPI/MI varied 
from 0.59 — 1.77 (1.06 f 0.32). The enrichment index (FI) ranged from 42.99 — 
63.48 (51.95 ± 6.50) and the structure index (SI) was found to be 80.99 — 96.78 
(88.43 ± 5.04) while basal index (BO varied from 3.06— 15.55 (10.11 f 4.07) (Table 
3). 
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In zone I (Table 4), population of dorylaims showed very high degree of 
positive correlation (P < 0.01) with MI and SI (Fig. 5-A & B) and very significant 
negative correlation with BI. With all other indices dorylaims showed almost no 
correlation. Populations of rhabditids showed a very high degree of negative 
correlation (P < 0.01) with M1 (Fig. 5-C) and SI and very high degree of positive 
correlation (P < 0.01) with BI (Fig. 5-D) and Cl while with all other indices, they 
showed almost no correlation. 
In the natural forest region of zone 2, the Sharon's Diversity Index (H') 
varied from 2.64 - 2.87 (2.77 ± 0.08), the maturity index (MI) ranged from 2.89-
3.38 (3.22 t 0.16), the plant parasitic index (PPI) varied from 2.00 - 5.00 (3.48 ± 
1.04) and the PPI/MI varied from 0.62 - 1.55 (1.08 ± 0.32). The enrichment index 
(El) ranged from 33.51 - 73. 21 (47.51 ± 12.22) and the structure index (SI) was 
found to be 81.10 - 92.77 (87.15 ± 3.21) while basal index (BI) varied from 6.04-
16.92(11.44 ± 2.78) (Table 3). 
In the orchards of zone 2, Sharon's Diversity Index (H') was found to be 
2.60-3.10 (2.77 10.15), the maturity index (MI) ranged from 2.16 - 3.63 (2.80 t 
0.40), the plant parasitic index (PPI) varied from 2.45 - 3.15 (2.80 ± 0.26) and the 
PPUMI varied from 0.68 - 1.36 (1.02 ± 0.19). The enrichment index (F.I) ranged 
from 29.42 - 65.41 (51.42 i 13.12) and the structure index (SI) was found to be 
39.32 - 92.56 (75.81 ± 14.42) while basal index (BI) varied from 7.21 - 36.31 
(17.76 ± 7.73) (Table 3). 
In the forest region of zone 2 (Table 4), the population of dorylaims showed 
no significant correlation with MI (Fig. 6-A) and significant positive correlation (P < 
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0.05) with SI (Fig. 6-B) and significant negative correlation (P < 0.05) with BI while 
with all other indices population of dorylaims showed almost no correlation. 
Populations of rhabditids showed very high degree of negative correlation (P < 0.01) 
with MI (Fig. 6-C) and SI and a very high degree of positive correlation (P < 0.01) 
with BI (Fig. 6-D) while, with all other indices, there was almost no correlation. 
In the orchards of zone 2 (Table 5). populations of dorylaims showed a very 
high degree of positive correlation (P < 0.01) with MI (Fig. 7-A) and significant 
positive correlation (P < 0.05) with SI (Fig. 7-B) and a very high degree of negative 
correlation (P < 0.01) with EI (Fig. 7-C) and CI and significant negative correlation 
with BI and PPI/MI. With all other indices there was almost no correlation. 
Population of tylenchids showed non significant negative correlation with PPI (Fig. 
7-D) and significant negative correlation with H' while with all other indices, they 
showed almost no correlation. 
In zone 3, Shanon's Diversity Index (H') varied from 2.34 — 2.87 (2.54 ± 
0.14), the maturity index (MI) ranged from 2.78 — 3.71 (3.27 ± 0.31), the plant 
parasitic index (PPI) varied from 2.00 — 5.00 (3.25 ± 1.13) and the PPI/MI varied 
from 0.55 — 1.52 (1.01 ± 0.36). The enrichment index (EI) ranged from 25.80 — 
70.85 (51.66 ± 15.63) and the structure index (SI) was found to be 76.63 — 96.38 
(87.80 ± 5.84) while basal index (BI) varied from 3.36-21.61 (10.62 ± 5.09) (Table 
3). 
In zone 3 (Table 5). populations of dorylaims showed a very high degree of 
positive correlation (P < 0.01) with MI and SI (Fig. 8-A & B) and a very high degree 
of negative correlation with BI (Fig. 8-C). With all other indices the dorylaims 
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showed almost no correlation. The rhabditids showed significant negative 
correlation (P < 0.05) with MI (Fig. 8-D) while, with all other indices, they showed 
almost no correlation. 
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Table 2: Composition of nematode communities at different altitude zones, their mean abundance per 100cc soil f SD (N=10) 
ALTITUDE ZONES 	ZONE) (Forest) 	ZONE 2 (Forest) 	ZONE 2 (Fruit) 	ZONE 3 (Forest) 
S.Ao. Gene ~ Ge ra 	 t•P N (lean abundance i SD N Mean abundance f SD I N Slean abundance i SD N Mean abundance ± SI) 
Value 
Bacteriovores 
I 	Bursilla 1 I 2.19±6.64 I 3.17±10.01 
2 	J sorhabditis H 9 34.30± 13.82 7 22.53 # 16.35 8 26A7± 18.10 	6 	33.97±42J2 
3 
4 
Metarhabditis 	1 
Panagrolaimus 	I 
1 
4 
4.40 =13.91 
9.00± 11.78 3 
•• 
8.17 1 14.90 6 
•• 	- 
23.40±23.48 	2 	623±l8.35 
5 Poikilolaimus 	I I 0.73 t 2.32 1 0.83 1 2.64 •- 
6 
7 
8 
9 
10 
Protorhabditis 	1 
Rhabditis 	1 
Acrobeles 	2 
Acrobeloides 	2 
Anaplecius 	2 
10 
10 
2 
•• 
49,43 t 29.70 
52.89± 19.43 
350±7.68 
1 
6 
10 
•- 
6.73 f 21.29 
52.371 51.20 
52.57±20.56 
•• 
5 
9 
I 
•• 
17.60 t 22.83 
42.37±30.43 
6.10 	19.29 
1 	1 	9.47±1.48 
6 	20.37 t 21.32 
8 	62.17 f 48.43 	~ 
- 
1 Ceratoplecrus 2 •• I 1.33 t 4.22 - 
12 Cervidellus 2 1 0.83 t 2.64 2 4.13 	11.79 - 
13 Chiloplacus 2 2 7.73 f 16.55 2 10.13 t 26.43 2 4.73 f 11.17 
14 Chiloplectus 2 2 4.67 } 9.81 I 2.73 f 8.64 •• •• 
15 Chronogaster 2 2 4.70:11.53 •• •• 2 8.47118.87 
16 Eucephalobus 2 8 40.03 t 31.60 6 31.53±31.32 9 63.37±40.62 4 7.10± 13.02 
17 Geomonhystera 2 I 0.37±1.16 2 6.27± 14.03 2 3.17±6.81 • 
18 	Haficephalobus 2 •• 3 10.03:20.87 -• 
19 Macrolaimellus 2 •• • •• 1 0.60 t 1.90 - 	•• 
20 Plecius 2 1 2,00 t 6.32 2 5.47±1127 1 2.83; 8.96 I 	0.33 t 1.05 
21 Pseudacrobeles 2 • •- •• •• 3 10.73± 17.82 
22 	Rhabdolainsus 2 3 5.80t 11.51 3 6.47± 11.16 3 &83±8.83 2 	1.57±3.76 
23 	1EiIsonema 
24 	Zeldia 
2 
2 
• 
2 4.87± 11.04 
• 
3 8.50± 14.01 
I 0.67 t 2.11 
•• 1 
•- 
1.50±4.74 
25 
26 
Achroroadora 	3 
Monochromadora 	3 
- 
3 
•• 
2.67±5.43 
1 
2 
2.47±7.80 
4.80± 11.59 
3 1.33±3.03 
0.00 f 0.00 
I 
2 
0.61 t 2, I 1 
4.93± 14,91 
27 Prisrnanolaimus 	3 S 13.03 d6.47 4 4.43 	7.29 5 12,37±18.43 3 7.47±12.72 
28 
29 
30 
Teratocephntus 	3 
Alaimus 	 4 
Amphidelus 	4 
8 
• 
18.53± 17.02 
•• 
7 
2 
•• 
12.10± 10.05 
3.51±7.52 
I 
5 
2.00±6.32 
11.53± 14.71 
•• 
- 
6 1 T'f 
•- 
11.93± 12.48 
•- 
3! 
Fungiuonw 
,4 phelenchoides 	2 	7 	29.97±24.18 	7 	44.73±38.00 	8 	43.77±30.92 	6 	17.07±17.83 
32 
33 
Aphelenchus 
Diptherophora 
2 
3 
6 
I 
26.10 t 30.32 
0.67 	2.11 
10 
• 
63.80 x 25.22 
-- 
10 68.27 t 42.38 
•• 
8 46.60 = 40.69 
•• 
34 
35 
T}'lenchus 
Ti•Iencho1aime!lus 
23 	8.37± 17.10 
4 	3 	17.00: 3I 47 
4 
3 
7.13 f 12.56 
11.73 	21.69 
6 
3 
28.13 ±27.54 
17.83±32.12 
6 
2 
22.41± 30.04 
6.73 ± 17.13 
36 	 j  TvIencholaimus 4 • -- I 8.30 t 26.25 1 3.03 f 9.59 4 26.03 t 37.21 
37 .4xonchium 5 4 	8.37 f 11.05 3 8.23±  13.63 3 7.37±12.19 3 6.17 ± 11.56 
38 Belondira 5 5 23.17: 29.54 7 31.70129.39 - 	•- 5 14.60 = 21.18 
39 Don 1airoeIlas 5 8 	54.20±37.2! 9 	65,47±39.07 5 21.67±31.31 7 42.67 	57.28 
40 	Roqueus S . 	i •- •• .. 1 0.93=2.95 
Omnivores 
41 	CephaIodorylaimus 4 I 	. 	0.3010.95 	 •• •- •• 
42 Dorvlaimus 4 • j 	-- 	 •• •• I 5.13±16.23  
43 Enchodelus 4 1 	. 2.50 = 7.91 	1 	1.5014,74 I 8.73±27.62 - •• 
44 Eudonvlaimus 4 6 ' 	28.10=27.45 	3 	16.37±28.23 4 17.43±27.43 4 31.05 22.27d1.0
45 Labronetua 4 iJ 0.87±2.74 2 	&43±13.68 • •• •• 
46 Latmvdorus 4 2 25.10:69.88 •• 1 2.20±6.96 2 18,87±51.58 
47 Mesodoqlaimus 4 3 19.13:31.54 9 75.47±4539 7 42.53±37.78 8 57.60±55.33 
48 
49 
50 
Minidorylaimus 
Moshajia 
Opisihodorvlaimus 
4 
4 
4 
5 
1 
1 
18.57±20.09 
3.30 t 10.44 
7.47 i 23.61 
4 19.87:27.97 
-• 
•• 
2 6.73=14.69 3 
4 
I 
17.07±29.87 
18.87±35.49 
9.40 	29,73 
S l 
52 
Oriverutus 
Pungentus 
4 
4 
3 
• 
23.87 ± 39.94 
•• 
6 25.20124.70 
•- 
4 
3 
12.03 =18. 	1 
14.57±31A0 
6 
- 
?2.371.9.3 
S3 Thonus 4 3 22.50 = 38.64 4 19.87±38.90 1 2,03±6.43 
54 Thornenemg 4 4 23.97±33.00 6 19.90±25.15 3 15.67±29.03 2 2.57±5A6 
55 	0.k dims 	 S• 	 .. 	 .. 	 .. 	2 	4.57±l29 
Herbivores 
56 	Duorylenchus 2 •- -• I 4.50± 14.23 •• 
57 	Basiria 
58 	Boleodoruf 
59 	Din'lenchus 
r 60 	, C acila cus 
2 
2 
2. 
2 
2 
1 
8.57:19.54 
4.03:12.75 
•• 
2 
•• 
-• 
•- 
2. 	..I 23 	6 8 
4 
3 
2 
27.70± 39.42 
10.93±17.85 
5,73±12.81 
1 1.07± 3.37 
•• 
61 	,Afalenchus 2 1 1.37 t 4.32 - •• •• 	 j 	• •• 
62 	Neopsilenchus 
63 	Paraglenchus 
2 
2 
•• 
•• I 
•• 
2.07±6.54 
1 
2 
2.50 t 7.91 
13.13±31.09 3 
•- 
5.2019,83 
64 	Psilenchus 2 •• •• I 6.80± 21.50 •- 
65 	Criconeraa 3 • •• •• I 1.43 t 4.53 	- 
66 	Helicoiylenchus 3 6 12.83± 18.85 1 1.50 f 4.14 S 32.43 ±42.14 	2 2.I3:57 
61 	Hemicricone noides 3 1 	2.20 t 6.96 1 0.40 f 1.26 1 1.53 ± 4.85 
68 	Hemictrliophora 	3 •• •• 1 1.23±3.90 •• 
L6tHopIo1airnus 
3 4 9.60±17.54 3 3.97± 9.30 -• I 0.97 = 3.06 
70 	,14eIoidogme 3 • •• •• I 0.33 f 1.05 j 	• -• 
71 
72 
Merlinius 	I 
PraNlenchus 3 	1 
-• 
2.50±7.91 	I 
•• 
0.80 f 2.53 6 
-- 
21.20 = 22.28 
1 
I 
3.33:10.54 
3,13 ± 9.91 
73 Rorylenchus 3 • •• •• 1 1,45 t 4.53 •• 
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Table 3: Comparison of various ecological Indices and population of nematode groups at different altitude zones, 
ZONE I (Forest) ZONE 2 (Forest) ZONE 2 (Fruit) 	ZONE 3 (Forest) 
MI 	 2.82-3.69 2.89-3.38 2.16-3.63 	2.78-3.11 
(3.26±0.29) (3.22±0.16 2.80±0.40 3.2710.31) 
PPI 	 2.0-5.0 2.0-5.0 	 2.45-3.15 2.0-5.0 
(3.41±0.93) (3.48± 1.04) (2.80±0.26) (3.25 t 1.13) 
El 
43.0 - 63.5 33.51-13.21 	29.42-65.41 25.80- 70.85 
(51.95 ± 6.50) (47.51 ± 12.22) 	 (51.42± 13.12) (51.66± 15.63) 
SI 
81.0-96.8 81.10-92.71 39.32-92.56 16.63-96.38 
(88.43 ± 5.04) (87.15 f 3.21) 75.81 f 14.42) (87,80± 5,84) 
BI 
3.06-15.55 6.04 -16.92 7.21- 36.31 3.36-21.6! 
(10.11±4.07) (11.44± 2,78) 17.76±7.73) i 	(10.62:5.09) 
C1  0.00-0.45 0.13-0.61 0.02-0.67 0.02-0.43 
(0.1810.15) (0.29±0.16) (0.3510.20) (0.1810.12) 
1.10-1.24 1.10-1.25 1.11-1.24 1.09-1.29 
'I'll 
(1.15±0.04) (1.1710.01) (1.1710.04) (1200.06) 
2.61-3.05 2.64-2.87 2.60-3.10 2.34-2.87 
11 (2.01±0,15) (2.77±0.08)   (2.77±0.15) (2.54:0.14) 
PPIlNtl 
0.59-1.77 0.62- 1.55 0.68-1.36 	I 0.55-1.52 
(1.06 ± 0.32) (1.08±0.32 1.0210.19 (1.01±0.36 
23.9-60.5 31.7-51.6 9.5-41.2 30.5-66.5 
Dorvlaims (42.2 f 11.2 42.1 ± 6.4) (24.8 t 11.0) , (46.3:12.6) 
9.5-40.9 13.1- 38.2 8.5-33.5 8. -40.6 
% Rhabditids (26.219.5) (24.117.9) (22.816.6) (22.419.7) 
0.0-23.2 0.0-9.5 12.4-44.6 0.3-21.9 
% Tylenchids (7.317.8) (2.412.7) (27.6 =11.4) I (6.3 ± 6.0)  
12.4-34.4 20.6-44.4 13.4-38.5 14.6-36.5 
%Others 24.3 1 6.2) 10.917.2 24.816.8) 	j (2.018.2) 
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Fig. 1: Ordinal diversity (abundance & genera) of nematodes in natural forests of/one I 
(A&B) and Zone 2 (C&D). 
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Fig. 5: Relationships between different nematode groups and indices in natural forests of 
Zone 1. 
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Discussion   
Soil nematode communities and their structural changes have been found to 
he one of the best biological tools for assessing soil processes and plant conditions 
in terrestrial ecosystems (Wang et al., 2009; Pen-Mouratov et a/., 2010). Soil 
nematode communities represent the most abundant multicellular animal group on 
earth and are known to be an important component of the soil biota (Sohlenius, 
1980; Bongers & Bongers, 1998). Their communities have the potential to provide 
unique insights into many aspects of soil processes. Because they intervene to a 
great extent in trophic chains in ecosystem, nematodes contribute substantially to 
soil formation and to the maintenance of soil fertility. Soil nematodes have been 
found to regulate the bacterial and fungal populations and thus are associated with 
cycling of major nutrients in soils (Ingham et al., 1985). Hence there are significant 
possibilities for the use or nematode populations and diversity as indicators of 
overall soil condition. Nematode communities are sensitive to chemical and physical 
disturbances in ecosystem. These disturbances can alter nematode communities in 
different ways (Fiscus & Neher, 2002). In natural and plantation forest ecosystems, 
their diverse assemblages play important roles and have considerable influences on 
ecosystem functioning (Yeates 2003 Rakonyi er al., 2007). Yeates (2007) 
considered nematode assemblages to be the most diverse in forest ecosystems and 
their changes could be related to changes in food resource availability and 
environmental conditions. 
The present study revealed a great degree of diversity of soil inhabiting 
nematodes with a total of 103 genera belonging to 11 orders and 53 families 
identified from three altitude zones of Uttarakhand. The generic diversity and 
abundance of the trophic groups showed little variation at the three altitudes. The 
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increase in the diversity and abundance of the herbivores in orchards at zone 2 
appeared to be the only significant change (discussed later). Among the taxonomic 
groups recorded, the order Dorylaintida was the most dominant in terms of 
individual abundance as well as in generic diversity in natural forest regions of all 
three altitude zones. This is, in all probahility, because of a high degree of stability 
of the natural forest regions of all three zones with little or no human intere'entions. 
The increase in abundance of dorylaims with increasing altitude from zone I to zone 
3 clearly indicates that the zone 3 is less disturbed as may be expected. This finding 
supports the earlier observations (Thorrtas, 1978; Sohlenius & Wesilewska, 1984) 
that the population of dorylaims in the nematode community is sensitive to 
disturbance (agricultural practices such as ploughing, fertilizers and pesticides, etc.) 
and is therefore used as an indicator of environmental disturbances. A high 
percentage of dorylaims indicates less human intervention in the field while a low 
percentage indicates the contrary (Neher, 2001; Games el at, 2002). 
Bacteriovores are often most dominant trophic groups in forests 1 
(Wasilewska, 1979; Ildnel, 1997; Yeates er al., 2000) and their proportion in 
nematode community can increase after ecosystem disturbance (Sohlenius, 2002; 
Hanel, 2004). A relatively low proportion of bactcriovores can thus indicate 
undisturbed conditions of the soils studied. In the present study, bacteriovores were 
the most dominant in terms of generic diversity as well as individual abundance 
among the trophic group recorded from natural forest regions of all three zones 
studied. These results agreed with the earlier findings (Egunjobi, 1971; Yuen, 1996; 
Wasilewska, 1997; Yeates et al., 2000) that bacterial feeders dominate the other 
groups in forest areas. 
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At zone 2 where the climate is favourable to production of fruits and other 
crops. a comparision of nematode communities were also made between forest vs 
fruit trees. The order Dorylaimida was again dominant in terms of abundance as well 
as generic diversity in natural forest as well as in orchard regions. The substantial 
increase in abundance of Tylenchida from 2% to 25% and in generic diversity from 
14% to 22% from forest trees to fruit trees in zone 2 was significant. This is the most 
probably a result of horticultural/agricultural practices carried out in the orchards 
resulting in better food resources for the plant-parasites. The increase in the trophic 
diversity of the herbivores was apparently at the expense of predators and 
omnivores.The results support Pattinson et al. (2004) observations that an increase 
nutrient availability increased herbivore populations through an enhanced food 
resource. This contrasts with findings of Yeates (1982), Sohlenius & Bostrom 
(1986), Edwards (1989) and Hoyvonen & Huhta (1989) who observed an increase in 
the plant parasites and bacterial feeders after fertilizer application in cultivated soil 
or a decrease of fungal feeders and omnivores (Sohlenius & Wasilewska, 1984; 
Sohlenius & Bostrom, 1986, Sohlenius, 1990). Soil manipulations and disturbances 
could be the most likely cause of decline in the abundance of Dorylaimida and the 
trophic groups of predators and omnivores in the orchards as compared to the forests 
of zone 2. 
In both, fruit trees and forest trees, the diversity of fungivores is significantly 
less than the bacteriovores but their relative abundance was comparable perhaps 
indicating that their resource utilization was better or their food source was more 
varied and plentiful. 
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Shanon's diversity index (H') reflects diversity of nematodes in an 
ecosystem. Higher values of H' show highly diverse ecosystem while low values 
show the contrary. Different authors reported variation of H' value in different 
habitats including forest area. Wasilewska (1979) stated that the greatest values of 
H' were generally found in meadows, lower values were in forests and the lowest in 
fields. Handl (1995) also recorded successional variation of H' value and found that 
the number of species was lower in the initial succession stages (field, fallow) than 
in older ones (meadow, forest) and the greatest species and generic diversity (H') 
was found in meadow. Pattison et al. (2004) recorded H' value of nematode diversity 
for banana crop (1.35), pasture (1.97) and forest (2.07). The values of H' were higher 
in zone 1 and zone 2 as compare to zone 3. It can be stated that zone 3 has mature 
ecosystem due to higher altitude, climatically harsh environment and less disturbed 
as compared to other zones. This conclusion is also supported by high values of 
Maturity index in the zone 3, indicating a more stable nematode community in this 
zone than in others. Similar trend was observed in spruce forests of the Beskydy 
mountains (Hanel, 1996) and Vihorlat Mountains (Hanel & crevkova, 2010). 
Ruess et al. (2001) also found greater nematode richness at the low altitude heath 
than at the high altitude fellfield in arctic soils. Hanel (1996) also found a decrease 
in the value of Shanon's diversity index (H') with the age of the forest, whereas the 
maturity index was stable. 
It was found that the genus Acrobeloides was most abundant with a low c-p 
value, showing higher population densities as well as dominance in all the three 
altitude zones due to high litter accumulation. The strong litter accumulation in 
natural forests helps create a humus laver and better structured soil populations. 
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Hanel (1996) and Cerevkova Reno (2009) also reported that Acrobeloides was the 
predominating genus in natural forests. Hbnel (2001) also referred to an increasing 
abundance of Acrobeloides due to litter accumulation. 
The values of H were same (H' 2.77) in forest and orchard regions of zone 2. 
These results indicates that both regions have equal nematode diversity but forest 
regions have higer omnivores and predators populations (c-p 3-5) and very low 
herbivores populations (c-p 2) while orchards regions have higher herbivores 
populations and low omnivores (c-p 4) and predators populations (c-p 3-5). These 
results showed that forest regions are more stable than orchards region. 
The maturity index (MI) was calculated to assess the maturity of the forest 
ecosystems of the three altitude zones. MI values for soil subjected to varying levels 
of disturbance range from >2.0 in nutrient enriched disturbed systems to +4.0 in 
undisturbed, pristine environment (Bongers & Ferris, 1999). Present study revealed 
that all the three regions were highly stable. Highest stability among the three was 
found in zone 3 (MI 3.27). followed by zone I (MI 3.26) and zone 2 (MI 3.22) 
although the values of MI are not much different. The higher MI values for zone 3 
indicate it to be a more stable habitat, presumable because it is free Trorn human 
intervention and with limited grazing while the lower values of MI in zone 2 
indicate it to be more disturbed by human intervention and agricultural practices. 
Agricultural/horticultural practices, such as incorporating organic material (mamuc) 
into the soil stimulate microbial activity and provide resources for opportunistic 
nematode species. consequently there is a decrease in the MI (Bongers & Ferris, 
1999). 
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The values of MI were higher in forest region (MI 3.22) as compared to 
orchard regions (MI 2.80) of zone 2. These results clearly indicates that forest 
regions are more stable than orchard regions of zone 2 and agreed with the results of 
Hanel (1995) and Bongers & Ferris (1999). 
Food web indices like El. ST. BI and CI may provide an excellent means for 
studying the stability of ecosystem, weather it is stressed, enriched or structured and 
provide information on the dynamics of the soil food web (Ferris et at., 2001). El is 
generally known to reflect availability of resources to the soil food web and response 
of primary decomposers to the resources (Perris et al., 2004). Present study revealed 
that all the three zones were highly enriched. The values of El were highest at zone I 
(El 51.95), followed by zone 3 (El 51.66) and zone 2 (El 47.51) although the values 
of Et are not much different. 
SI represents an aggregation of functional guilds with c-p values ranging 
from 3-5. SI is primarily determined by omnivorous and predatory nematode 
populations, which are sensitive to disruption and need much more time to establish 
than the more rapidly growing fungi- and bacteria-feeding nematodes (Ferris et at., 
2001). SI describes whether soil ecosystem is structured /matured (high SI) or 
disturbed (low SI). It has been reported in earlier studies that generally in fallow 
soils and forests the value of SI are higher which may due to high abundance of 
omnivores and predators suggesting a food web with more trophic linkages (Ferris 
& Matute, 2003). Higher the values of Sl, more complex is the community structure. 
Fallow lands and forests have been reported to be more complex communities with 
reference to nematode in many studies (Tornar & Ahtuad, 2009). The values of SI 
during present study were highest at zone I (SI 88.43), followed by zone 3 (Si 
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87.80) and zone 2 (SI 87.15). These values agreed with earlier studies (Bongcrs &  
Bongers, 1998; Ferris el al., 2001; Berkelmans et al., 2003) which argued that high 
values of SI indicated undisturbed conditions of the ecosystems studied. I Ile high 
values of MI, SI as well as diversity indicated structured nematode assemblages. 
This implies that a structured-stable food web in soil can be maintained by different 
species composition of nematodes (Hanel & Cerevkov6, 2006). 
The degree of fungal participation in the primary decomposition channels of 
soil food webs is suggested by CI. The higher values of CI indicate a fungal 
dominated decomposition pathway while lower value indicates the bacteria based 
decomposition pathway. The values for CI in present study were higher at zone 2 
(CI 0.29) which indicated that greater participation of fungivores in the breakdown 
of soil organic matter in zone 2. It is an agreement with Ruess (2003) who stated that 
high value of C€ indicated a fungal based energy channel in coniferous forest sites. 
The basal index (B1) is an indicator of a food web diminished by stress or 
limited nutrient resources (Ferris et al., 2001). The values for BI in present study 
were higher at zone 2 (BI 11.44), followed by zone I (BI 10.11) and zone 3 (BI 
10.62) which indicated that the food web structure was probably fungal dominated 
in zone 2. It is an agreement with Berkelmans of at (2003) who stated that high 
value of RI indicates poor ecosystem health. 
Low values of MI and SI and high values of El, Bl and CI in the orchard 
regions as compared to natural forest regions of zone 2 clearly indicated that the soil 
food web was severely disrupted in that region. These results suggested that orchard 
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regions were more disturbed than forest regions of zone 2. It is also an agreement 
with Berkelmans el of (2003). 
The PPI is very good indicator of plant parasitic nematode resources. It is 
comparable to MI but computed only for plant parasitic nematodes with a rational 
that their abundance is determined with the vigor of the host plant, which in turn is 
determined by system enrichment (Bongers et al., 1997). Larger PPI values indicate 
low levels of disturbance to the community and are associated with dominance by 
slow reproducing, disturbance-intolerant 'persister' nematodes (analogous to K 
strategists). Conversely, smaller PPI values indicate high levels of disturbance and 
are associated with rapidly reproducing, disturbance tolerant colonizer' nematodes 
(analogous to r strategists) (Bongers, 1990. 1999). In this study, values of PPI were 
high with slight differences at all the three altitudes which clearly showed that all 
zones are less disturbed. As altitude increased, soil fertility increased due to less 
disturbance and perhaps increased soil organic matter. Further, with altitude the 
diversity of vegetation decreased and resulted in the decrease in abundance of root 
feeders. Under the present conditions, the increase in soil fertility is probably 
overshadowed by the effects of secondary succession leading to a decrease in PPI. 
At zone 2, PPI values were higher in forest regions as compared to orchard 
regions. Fruit orchards are cultivated ecosystems which are disturbed due to 
horticultural./agricultural practices that favoured increase in the populations of 
Tylenchida with a low c-p value (c-p 2) that decreased the values of PPI which 
clearly showed that forest regions are less disturbed as compared to the orchard 
regions of zone 2. 
The ratio PPI/M1 is also very good indicator of the nutrient status of a soil 
(Bongers ei al., 1997). In present work, low PPI/lvII values for zone 3 and high 
values for zone 2 and zone I indicates that zone 3 is more mature as compared to 
other zones which agrees with Bangers et al. (1997) who state that low values of 
PPI/MI indicates mature habitat. At zone 2. the values of PPI!MI ratio were high in 
both regions, which indicate habitats where higher plants started to make non- 
optimal use of nutrient or nutrient disturbances (Bangers et al., 1997). 
In all the three zones, the population of dorylaims showed positive II V 
correlation with Ml and SI and negative correlation with El in the orchard regions of 
zone 2. As dorylaims have c-p values in the range of 4-5 , their abundance plays 
major role in higher values of these indices. The incorporation of higher functional 
guilds for calculation of these indices results in high degree of positive correlation. 
Rhabditids also showed negative correlation with MI in natural forest zone 1, 2 and 
3 and showed positive correlation with BI in zone 1 and 2. There is no significant 
negative correlation in PPI and Tylechida in orchard regions of zone 2. 
It may be concluded that among soil organisms, nematodes are seen as the 
most promising candidates for bioindication of soil status (Corter et al.. 1993; 
Bongers & Bangers, 1998; Ferris at al., 2001). Using the well-established 
classifications of nematode feeding types and c-p groups as well as various indices 
of nematode community structure (Yeates et al., 1993; Bongers & Bongers, 1998; 
Ferris et al., 2001), researchers have consistently exploited nematodes to investigate 
the propagation of disturbance effects and fertilization effects through the soil 
ecosystem (Freckman & Ettema, 1993; Villcnave et al., 20(31). As can be seen from 
above discussion, the abundance and diversity of nematode species vary with 
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ecosystem, altitude and management. Environmental manipulation of soils of natural 
forests regions at all three altitude zones resulted in similar responses in the 
nematode fauna. Generally maturity indices showed almost similar values for all 
three altitude zones which indicated that all three altitude zones were stable. The 
Shanods diversity index (M) was significant with altitudes in present study. }I' 
decreased with increasing altitude due to climatically harsh environment, less 
disturbances and decreasing diversity of vegetations at higher altitudes which 
showed that zone 3 has mature ecosystem as compared to others. This is also 
supported by high values of Ml in zone 3, indicating a more stable nematode 
community as compare to other zones. The order Dorylaimida was found to be the 
most dominant in natural forests regions of all three altitude zones which showed 
that high degree of stability of all three zones. Dorylaims also showed positive 
correlations with MI and SI in all the three zones which also supports the stability of 
natural forest regions of all the three altitudes. There is an increase in abundance of 
dorylaims with increasing altitude from zone Ito zone 3 which clearly indicated that 
the zone 3 is less disturbed. Among the trophic groups recorded from natural forest 
regions of all three zones studied. bacteriovores were the most dominant. Among all 
the genera recorded, the genus Acrobeloides was the most abundant and showed 
higher population densities as well as dominance in all the three altitude zones. 
The analysis of the soil nematode communities in forest and orchard regions 
of zone 2 indicated that the nematode species were sensitive to disturbances. '[he 
results indicated great differences in species distribution, abundance, trophic groups 
and in ecological indices. The higher values of MI, PPI, SI and lower values of El, 
RI and Cl in forest regions suggest that forest regions have stable and structured 
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nematode assemblages in comparison to orchard regions. No significant differences 
were found in the H values in forest and orchard regions of zone 2. The order 
Uorvlaimida was also dominant in natural forests as well as orchards but their 
abundance and generic diversity decreased in orchards as compared to forest regions 
due to disturbances (agricultural practices). Bacteriovores were also dominant in 
natural forests as well as orchards of zone 2 but their abundance and generic 
diversity decreased while abundance and generic diversity of herbivores increases in 
fruit orchard regions as compared to forest regions. 
In conclusion, nematode faunal analysis provides a powerful tool for 
diagnosis of the of the complexity and status webs (Wardle et al., 1995; Ritz & 
Trudgill, 1999). The functional diversity of soil nematodes includes activities at 
many nodes and at many trophic levels in the web. Significant differences in soil 
nematode communities were observed among different forest zones along an 
elevation gradient at Uttarakhand. Both vegetation type and elevation were crucial 
for the distribution of soil nematode communities. 
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